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PPJ3LU4IKARY  RESULTS  EHOM  OPTICAL  TRi\ 

0?  U.  S,  EARTH  SATELLITES 


by 

J.  Allan  Hynek"*  and  Fred  L.  Vlnipple** 


In  tha  satellips  program  of  the  International  Geo- 
physical Year  the  complex  operations  performed  by  the  Op- 
tical Satellite  Tracking  Program  of  the  Smithsonian  Astro- 
physical  Observatory  are  a result  of  teamworlc  in  the  fullest 
sense  of  the  word.  The  manifold  tasks  Include  the  visual 
acquisition  of  the  artificial  earth  satellites,  the  com- 
putation of  search  ephemerldes  and  predictions,  the  opera- 
tion of  a world-itflde  network  of  precision  tracking  cameras 
capable  of  photographing’  small  objects  at  distances  of  hun- 
dreds of  miles  and  timing  these  photographs  to  better  than 
a thousandth  of  a second,  the  screening,  reduction,  and 
analysis  of  incoming  data,  and  last  but  not  least,  the  dis- 
semination of  the  reduced  data  to  the  scientific  community. 

4 

Remembering  that  since  October  4,  1957,  there  has  been 
a "total  of  eight  objects  projected  into  satellite  orbits, 
we  hardly  need  to  point  out  that  the  efforts  expended  by 
thousands  of  persons,  including  the  volunteer  Moonwatch  team 
members,  in  the  Optical  Tracking- Program  albne  are  outstanding , 
With  great  scientific  enthusiasm  and  satisfaction,  our  staff 
members  have  participated  in  this  undertaking,  often  well 
beyond  the  normal  call  of  duty.  We  have  not  noted  similar 
dedication  save  in  times  of  national  emergency. 


The  cooperation  of  the  U.  S.  Naval  Research  Laboratory 
In  furnishing  us  with  critical  prediction  data  for  satellites 
vith  live  radio#'-  has  been  of  major  importance.  Also,  the 
computation  of  e phe .me ri -de s and  orbital  data  would  have  been 
virtually  Impossible  without  the  generous  cooperation  of  the 
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tional  Business  r^a chines  Corporation  and  the  Compu- 
Laboraoory  at  the  Idassachuse tts  Institute  of  Tech- 


nology in  Cambridge . 


Associate  Director,  Smithsonian  Astro physical  Observatory, 
in  chargs  of  the  Optical  Eateillta  Tracking  Program 


-»->  Director,  Smithsonian  As tro physical  Observai^ory 
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The  sabaeqijint  aeottoru  of  this  collect, lea  nave  brs-n 
prepared  individually  by  msmbera  of  the  Smithsonian  Asfcro- 
x;hysical  Ob3*frvatory  who  are  actively  working  in  this 
particular  field  and  therefore  best  able  to  present  a 
factual  and  informative  account  of  the  respective  aspects 
of  the  program.  In  this  initial  chapter,  we  'wish  to 
summarise  as  well  as  outline  from  an  overall  point  of 
view  the  orbital  data  and  results  v/hich  v;e  have  been  able 
to  obtain  with  regard  to  Satellites  195o  Alpha,  1953 
Beta  One,  and  1953  Gamma, 

The  mainstay  of  the  long-range  optical  tracking  pro- 
gram is  the  worldwide  network  of  precision  photographic 
stations,  employing  at  each  ob3ei*^/lng  station  a 3“AXis, 
20-inch  aperture,  f/1  camera  designed  especially  for  the 
photographic  tracking  of  artificial  earth  satellites. 

The  optics  for  these  cameras  were  designed  by  Dr.  James 
G.  Baker,  and  constructed  by  the  Perkln-Blmer  Corporation. 
They  employ  a unique  3 “Corrector  lens  system  having  4 
aspherical  surfaces,  in  combination  with  a 31-inch  con- 
ventional spherical  mirror,  providing  a useable  field  of 
SO”.  The  motor  —driven  mechanical  drive  provides  se- 
quential tracking  of  a satellite  and  of  star  background 
on  the  same  250  x 55  Earn,  film  frame,  in  cyclical  succession 
so  that  many  individual  photographs  can  be  obtained  during 
a given  satellite  passage.  The  unique  mechanical  system 
vras  designed  by  Mr.  Joseph  ^funn  and  fabricated  by  Boiler  and 
ChlvenSj  Inc.,  all  of  South  Pasadena,  California. 

The  urgency  Imposed  upon  the  optical  tracking  program 
by  the  launching  of  the  Russian  satellites  made  it  de- 
sirable to  expedite  the  construction  of  the  stations  and 
to  obtain  the  use  of  auxiliary  cameras  to  go  into  operation 
before  the  arrival  of  the  Eaiker-Nunn  cameras  . • Through  the 
excellent  cooperation  of  the  Eallistlc  Research  Laboratory 
v/e  have  obtained  the  use  of  two  3 M T (Small  Missiles 
Teiecamera)  Instriiments . In  addition,  several  photo- 
theodolites have  been  flemished  through  the  courtesy  of 
the  U.  S.  Air  Force,  thus  making  possible  the  completion 
at  any  earlier  date  than  other-wise  possible  an  effective 
tracking  network.  ,ns  discussed  by  Karl  G.  Kenlze  In  his 
report,  the  full  complement  of  3aker-Nunn  cameras  is  ex- 
pected to  be  in  operation  by  mid  June, 


f 
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For  an  artificial  satellite  to  be  tracked  Tno3t  effective- 
ly for  scientific  purposes^  tbs  trackings;  accuracy  must  br  of 
the  oraer  of  seconds  of  arc  and  cf  0,001  secends  of  tl-ic . A 
crystal  clock  of  e;ctre*Tis  precision  has  bean  built  by  the 
Brnst  Korrman  Laboratories^  Wlll:.arn3  3ayj  V/isconsin,  for  each 


of 


the  twelve  observing  stations.  The  tlir.e  presentation 


vrithln  each  camera  is  photographed  on  each  frame. 


It  ca.n  be  stated  that  the  s 
for  many  geophysical  purposes  rl 
Precision  observations  of  non-as 
satellites  are  of  little  value  i 
problems  because  of  the  variable 
ing  orientation  and  the  conseque 
the  present  schedule  in  establls 
programs  has  occasioned  little  s 
leisurely  program  has  more  than 
of  improved  optical  and  mechanic 


clentiflc  value  of  a satellite 
ses  greatly  Vfith  its  longevity 
pherical,  close  artificial 
n solving  major  geodetic 
motion  Introduced  by  vary- 
nt  irregular  drag . Hence 
hing  the  precision  camera 
clentiflc  loss.  This  more 
offset  this  loss,  in  terms 
al  performance. 


The  successful  photographs  of  the  first  two 
satellites  by  several  of  the  network  stations  is 
fylPig  signal  of  the  routine  tracking  soon  to  be 


.American 
a grati- 
•ff  acted. 


The  establishment  of  the  photographic  network  would 
not  have  been  possible  without  the  cooperation  of  several 
foreign  governments.  Particular  note  must  be  taken  of  the 
great  assistance  received  through  the  respective  I.G.Y, 
committees  from  the  governments  of  Argentina,  Australia,  India. 
Tran,  Japan,  Netherlands  Antilles,  Pema  and  the  Union  of 
South  Africa,  Their  sympathetic  appreciation  of  the  urgency 
of  the  total  program  has  been  indlspensible,  and  our  work  in 
those  several  countries  has  been  carried  out  in  a thoroughly 
cooperative  manner  appropriate  to  the  spirit  of  the  Inter- 
national C-eophyslcal  Year, 

An  integral  part  of  the  optical  tracking -program, 
complementary  to  the  precision  program,  is  the  far-flung 
"isual  observing  pro.ject  termed  MC0^^/^ATCH.  Conceived 
primarily  as  an  acquisition  and  reconnaissance  .mission  to 
cover  periods  immediately  after  launching  and  shortly  be- 
fore demise,  in  final  stages  of  the  existence  of  a satellite, 
'•lC0>rVATCH  teams  have  served  contlnucusly  as  Interim  tracking 
stations  during  the  period  of  final  preparation  of  the 
photographic  tracking  stations.  The  exemplary  work  of  the 
several  thousands  of  persons  involved  in  this  program  stands 
out  as  a significant  contribution  zo  the  satellite  program, 
and  an  outsta.nding  example  of  lay  participation  in  an 
international  sciar.tlflc  venture. 
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Lart;el5^  through  the  of  MOO^JWfVTC'I  ob;-^.-;rvatlon3  , 

t’ris  f-t'rnputat tons  and  analysis  cllvLston  c:'  3r:!i  thsonlan 
As  tro.hiys teal  Oh.;  vapory  ''•m  be-n  able  ':’o  b‘rlv-*  .a.  _;nj  ;‘l 
cant,  even  tI:roug?i  ;-e  llrnLiiiry  . sclratlflc  i-esul'-a.  ;h5j» 
are  treated  in  Chapter  III  and  include  the  orbit  deter- 
m'natlon  of  1953a  and  an  eyaluabion  of  the  v'artable 
acceleration  of  this  satellite  and  of  its  ILCe  expectancy 
V/lth  respect  to  195'332  • perigee  dintance  is  so 

relatively  high  that  little  can  be  said  of  its  lift^ 
expectancy  save  that  In  all  probability  it  must  be 
counted  in  decades.  Its  rocket  carrier,  1953?1  vrlil 
probably  have  a significantly  shorter  lifctime7  but 
still  perhaps  a decade  or  more. 


Various  computational  programs  have  been  devised, 
and  others  are  in  process,  for  the  utilization  of  satellite 
observations  for  prediction  purposes  as  contrasted  to 
their  use  for  results  of  geophysical  interest. 

Ephemerldes  for  general  use  as  well  as  for  specific  use 
at  given  geographical  points  have  been  programed;  an 
example  of  the  latter  is  the  program  v/hich  prints  out 
actual  3aker-Nunn  camera  settings  which  can  be  cabled 
directly  to  the  network  stations. 

Implicit  in  the  prediction  program  is  ch*  objective 
to  disseminate  not  only  specific  predictions  but  general 
3a  tell  I ~e  i.nformation  of  an  astronomical  character  to 
the  public  through  the  several  mass  media.  ‘This  we 
have  recognised  and  met  by  concise  statements  to  the 
press  and  by  the  preparation  of  charts  tllu3i;rating 
visible  passages  of  satellites  over  the  United  States. 
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' Tracking  ST;ation3 
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Karl 
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1.  sna-Glon  Operation 

^ 4ri‘-o  i-'-vi  3 rp*Dort,  nine  photographic  satellite' 

Cn  one  3{^^=d  twelve -s‘;a’--ion  network  are 

tracking  stations  oi  ^ 3ted  below  in  Table  One 

in  opera^xon.  .^tL-ss  o^*  r^-st  useful  operation  and  ^ioh 

the  instrament  now  installed  at  each  s.at.on. 

taels  0>fS 


Station  >fo. 


9001 

9002 

9003 

9004 
900  5 

9009 

9010 
9011 


c*  _ 2 


Stations  in  Operation 


Location 

Haw  '^e:cico 
South  Ax^rica 
Australia 
Stain 
Jacan 

Curacao 

Plorida 

Argentina 

rl3-W^!Li 


Jatan  retorts  partial  ope 
anticipate  full  oterati-cn 


Date 


5 itot/,  '5i 
20  ?eb . ' 5t 
12  Mar , ' 5? 
17  :Aar.  ' 5? 
•*^27  '^ar,  ' 5^ 


' 5o 
' 5S 


4.  4- 


partial 
12  Mar.  * 53 

18  :flar . ' 53 

2o  Mar.  ' 33 


“St 


rnitrT-isient 

Baker-Nunn 
3ake  r -Nunn 

Baker -Nunn 
Baker -Nunn 
Baker-Nunn 

SMT 

ST-rr 

Super  Schriidt 
STicer  Schmidt 


it ion  onl^j  and  we  may 
■-■jithin  two  to  three  days 


A 03.0 rOH3  A- 


M^T*cio  j*5J 


2S  'Aa^rzh  ocerai^lon  z 


a“ 


Sanior  Astronomer,,  in  cna 
3-atlons.  Ootical  Sateili 
Ionian  Astro physical  Obse 


a Si;  tno  to  graphic  trac  icing 


te  Tracking  ^rog.am 
rvatory 


mitn- 


I 
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' kt.  four  of  the  stations  listed  above,  Super  Schmidt 
meteor  cameras  or  Small  Missile  Telecameras  have  been  tn- 
^’’-illed  on  an  interim  basis.  As  shown  in  Table  thess 

Inscruments  will  eventually  be  replaced  by  Baker-ltunn  ca- 
meras, thus  resulting  In  a tv;elve -station  neowork  equlpoed 
with  identical  instruments  ox  superior  precision  and  accuracy. 

The  dates  in  Table  One  are  dates  of  actual  accomplishment. 
The  dates  listed  below  In  Table  IVo  represent  our  present 
schedule  for  the  remaining  Eaker-Nunn  cameras. 

TABLE  TWO 

Scheduled  Operational  Dates  of  Additional  Baker  Nunn  Cameras 


Station  Mo, 


Location 


Shipping  Data 


Date  In 
One ration 


9006 

9007 

9003 

9009 

9010 

9011 
9012 


India 

Peru 

Iran 

Curacao 

Florida 

Argentina 

Hawaii 


29 

8 

18 

28 

8 

18 

28 


Mar. 

Apr. 

Apr. 

Apr. 


May 

May 


' 58 

' 53 

'53 

' 58 

I 

' 58 
’ 58 


15  May  '53 
28  Apr.  ' 53 
3 May  ' 53 
8 May  '53 
18  May  . ' 58 
7 June  ' 53 
12  June  '58 


Photographic  Reduction 


Photographs  of  .American  satellites  1958  a and  1953  01 
were  first  obtained  during  the  visibility  period  around 
March  l3,  1958,  at  our  photographic  tracking  stations.  Suc- 
cessful photography  continues  and  the  films  showing  satellites, 
after  immediate  field  reading,  are  being  reduced  for  precise 
data  evaluation.  The  image  quality  is  such  that  we  may  be 
able,  with  further  efforts,  to  obtain  also  precise  photographs 
of  Satellite  1958  32.  This  program  for  precise  data  reduction 
at  Ca.mbridge  is  under  the  supervision  of  Dr.  George  Van  31ea- 
broeck.  Consultant.  Special  precision  .measuring  engines  for 
film  reading  and  search  are  used,  resulting  in  highly  accurate 
position  information.  It  is  expected  that  a catalogue  of  pre- 
cision data  from  the  tracking  ca.mera3  can  be  issued  soon  in 
a nature  similar  to  the  catalogues  of  MCC*WATCH  data. 


3.  Reduction  of  PHOTCTRACX  Obser’/atlons 


A considerable  number  of  photographs  of  the  Soviet  sa- 
l. Bllites  ha*^e  been  received  from  FH0T0TR.ACK  stations  and  ama- 
teur photographers  and  are  being  reduced  in  in  analogous  man- 
ner, No  such  photographs  have  as  yet  been  received  here  of  th 
'J,  S.  oa&ellites. 
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Moor.watch  ObservDtlor.o  of- Sat  el  lit  d.t  19'yS  Alpha, 


19 5o  Beta  One,  19 1-  Jiai;?.  Tv.'o,  and  195t>  Oanrna 


By 

Leon  Campbell,  Jr,'-' 


Since  the  la’anchings  of  the  U*S,  artificial  earth 
satellites,  13  MCOMWATCH  stations  participating;  in  the 
Smithsonian  Astrophysical  Observatory's  visual  observing 
program  have  reported  a total  of  59  observations.  These 
vrere  made  between  Pebr^jaiTy  3 and  March  2l  of  1953oc  and 
between  March  19  and  March  26  of  1958|31.  In  addition, 
the  first  sighting  of  1958?2  was  made  on  March  20,  1953 
and  the  first  sighting  of  1953y  was  reported  on  March  2J , 

1958. 

All  observations  listed  in  the  following  Catalogue 
vfere  used  in  the  Smithsonian  Observatory’s  computer  pro- 
gram for  determining  subsatellite  points.  Some  varj  few 
ether  observations  are  not  listed  here  because  the  timing 
of  the  observations  was  not  to  the  secona  or  the  position 
to  one  degree  of  arc.  However,  these  unlisted  observations 
ware  useful  since,  having  been  made  during  very  early 
orbiting  of  the  satellites,  they  served  as  checks  on  pre- 
liminary orbital  elements. 

It  v/ili  be  understood  that  at  this  time,  only  days 
after  the  1958?  and  19587  launchings,  the  observations 
reported  of  satellites  195832  19587  are  preliminary 

values  and  not  yet  conf irmed^'by  our  Computations  and 
Analysis  Section.  It  may  easily  develop  that  tome  of  • 
these  sightinss  must  be  discarded  later. 


The  catalo^jed  observations  were  reported  (by  tele- 
phone and  cable)  from  MCOMvArCK  stations.  In  the  United 
.States,  Australia,  Union  of  South  Africa,  and  Japan.  The 


• * i-  J ^ ^ 9 O ► U*  * 


acts  and  the  small  inclination  of 
eouator  account  for  the  fact  that 


their  orbits  to  the  eq.uator  account  for  tne  fact  '>riat  only 
13  stations  have  made  obser^/'ations  to  date  (March  27,  1958). 
There  are,  as  of  March  27,  a total  of  230  stations  associated 
in  the  Smithsonian  Cbservator:.’’' s MOO'r.’/ATCH  network,  with 
126  of  these  iocatea  in  the  United  States  and  its  terri- 
tories, and  iC-t  ir,  other  countries.  These  observations  of 


* In  Charge  MOO.^uyATCH  Pro.lect 


. -vi:: 


T^'fo  MOOIWA-TCH  teams  reported  uniqije  observing  ex 
ences,  Alamogordo  station  102  on  March  19  observed  1 
1953a  and  1953^2 j latter  tv/o  objects  vfsre  about  1 

apa  r*  1j  * A Ibuquerque  station  103  on  March  20  observed 
1958^^  and  1958a  In  that  order. 


the  observations  by  object^  and 
The  Key  to  MOO^r^^ATCH  Station  Code 
ohlcal  coordinates  of  the  stations 


It  v;iil  be  noted 
s given  either  in  ri 
simuth  and  altitude, 
orth  through  3o0°» 
umbers  follow: 


e X rom 
on  Cod 


Code  ITumber 


i 

'.O 

\ 


027 
0u‘j 
069 
096 
102 
lO'i 
210 
. ’2o 
2b6 
401 
402 
403 

uOO 


KfiY  TO  MOOTrv/ATCH  STATIOH  CODE  IIUHBERS 


Station  Name 


Manhattan.  Kaniias 


hryan,  Texaa 
Font  Worth, 
China  haite^ 
Alamogordo , 
Albuquerque , 


Texas 

Cal  1 fox-nia 
New  Mexico 
flaw  Mexico 


Lonai tube 


96 

'28* 

51" 

96 

20 

01 0 

97 

22 

09 

8 

117 

39 

46. 

105 

?7 

01 0 

9 

106 

36 

29. 

2 

139 

23 

54 

132 

33 

44 

136 

39 

00 

26 

13 

35- 

6 

18 

26 

37. 

9 

26 

04 

30 

136 

36 

14 

H Igaahlmat suyama , Japan 
Kuro,  Japan 
Yokkalchl,  Japan 
Bloemfontein,  S*  Africa 
Gape  Town,  S,  Africa 
Johannesburg,  So  Africa 
Adelaide^  S«  Australia 


W 

V/ 

V* 

w 

w 

VJ 

E 

£ 

E 

E 

E 

E 

E 


Latitude 


39'^ 

'09 ' 

45*' 

3J 

>0 

’*  '"j 

ii\.o  7 

32 

Jj.2 

N2 

35 

39 

*y 

0 ^ 

32 

52 

Oi.  ^ 1 

39 

03 

1 P;  ^ 3 

36 

02 

22 

34 

14  57 

35 

00 

1 n 

— ^ 

29 

06 

19.3 

33 

00o4 

26 

10 

1, 

55 

14 

N 

N 


t 1 

L% 


•"•S’-.'  ' 


in  CO  cn  ',n 


CATALOGUE  OP  MOOWWATCH  OBSFJRVATIONS 


19^8  Alpha 
February,  1958 


Station 

Time 

(UT) 

Right 

Aki-  Decli- 

Altli-v 

Direction 

Ang . 

•Magni- 

Color 

Ho. 

Name 

d 

h 

ni 

Ascen. 

muth  nation 

tude  ‘ 

of  Travel 

Vel. 

tude 

1C2 

Alamogordo,  M.M. 

03 

03 

4G 

10 

05  23 

180  +14  54 

73 

W-E 

+3max 

098 

China  Lake , Cal 1 f 

06 

02 

24 

42 

177  15 

7] 

v;-E 

1 

V^hite 

103 

Al buquer'qu e , H , M . 

07 

OJ 

22 

02 

180 

76 

30 

f)  +8 

258 

Yokkalchl, Japan 

08 

09 

57 

34 

04  10 

408  00 

r 

•rf 

^102 

Cape  Town,  S.A. 

08 

02 

94 

34 

72  20 

00 

24 

226 

Kure,  Japan. 

08 

09 

56 

32 

160  00 

74 

48  i 

210 

Hj  g'  all ‘Ilia,  Japan 

08 

09 

58 

17 

04  28 

-05  14 

-h8 

402 

Cape  Tovm,  S.A, 

10 

02 

45 

20 

00  24 

79 

24 

' 098 

China  Lake, Calif. 

11 

03 

03 

25 

■ 

180 

37 

30 

W-E 

g 102 

Alamogordb , N ,M . 

12 

02 

00 

30 

03  49 

180  -05  30 

49 

V/-E 

+7 

Yellow 

402 

Cape  Tovai,  S.A, 

12 

02 

35 

38 

1 

* 

00  24 

34 

00 

i 

' 402 

Cape  Tov/n,  S.A. 

15 

03 

21 

17 

00  24 

76 

00 

600 

Adelaide,  Aus. 

15 

10 

36 

30 

320  20 

69 

30 

6.5 

GOO 

Adelaide,  Aus. 

15 

10 

37 

02 

03  20 

74 

20 

6.5 

^102 

Cape  Town,  S.A. 

16 

02 

14 

57 

00  24 

82 

55 

600 

Adelaide,  Aus, 

17 

18 

25 

52 

537  30 

65 

00 

i-7-^3 

403 

Johannesburg, S.A. 

20 

01 

55 

30 

13  48  -49  42 

+5.3 

401 

Bloemfontein, S.A. 

21 

02 

50 

50 

00  24 

46 

42 

c ^ 

401 

Bloemfontein, S.A. 

23 

02 

39 

38 

00  24 

30 

06 

■ 

4-8 

401 

Bloemfontein,  S.A. 

25 

02 

28 

12 

00  24 

17 

54 

401 

Bloemfontein,  S. .A . 

26 

18 

09 

22 

00  24 

43 

06 

401 

Bloemfontein, S.A. 

28 

17 

57 

12 

00  24 

63 

06 

5 •CS.  ■ 


-> 


r *,~  - • r"  • f-“  - ‘ ' 
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1953  Alpha 


March,  195 


I 

i-j 


Station 
No . Kiune 


401 

403 

402 

403 

403 

402 

403 
403 


i. 


403 


403 

103 

069 


069 

069 

401 

098 

403 

103 

102 

102 

098 


Time  (UT) 
d h m s 


nioemiVjn  tein  j 3 . A . 
Johanne 3 burg , 3 . A . 
Gape  To'.m,  3.  A, 

J olmnneaburg,  3 . A . 

J ohanne  sbu  rg , 3 ^ A . 
Cape  Toun*  S.A. 
Johannesburg ,3. A. 
Johannesburg's . A. 
Chin^  lake, Calif 
J Ot  itij  ij  le a bii  rg , S - A • 
Cape  ‘fovm,  S.A, 
Joliannesbar‘g,3 , A . 
Hoc  ac  station. 

A1 buque  r que , N . M . 
Ft  V/orth,  Texas 
Not  at  station. 

Ft  V/ortlXj  Texas 
Hot  at  station. 

Ft  iVorth,  Texas 
Hot  at  station. 

Bi  oaiiiLonteln  J 3 .A. 
China  LakQj  Calif 
J oA  anne  a burg , 3 . A . 


17 

17 

18 
18 

17 

18 
18 
18 
12 
38 
18 

lO 


44 

45 

37 


32 

10 

12 

12 

50 

37 

19 

22 


34 

06 

16 

41 

06 

07 
32 
34 


03 

03 

04 

07 
0{ 

07 

09 
12 
14 

14 

Coordinates 

15  12  08  54 

16  11  02  34 

Coordinates 

i6  11  02  35 

Coordinates 
l6  11  02  40 
Coordinates 

16  18  06  03 


28 

26 

18 


18 

18 


Albuquerque , I'M-!. 
h I amogo  rcio , H . M , 
Al.omogordo , IKM. 
Cnlria  Lake,  Calif 


19 

19 

20 


12 

17 

11 

11 

11 

12 


43 

R 


36 

37 

43 

26 


36 

58 

08 

08 


Right 

Azi- 

Decli- 

Alti- 

Direction 

Ang, 

Ascen. 

mu  th 

nation 

tud 

^ W 

or*  Travel 

Vel . 

00  24 

83 

06 

Ob 

19 

24 

“46 

50 

00  24 

ob 

15 

07 

48 

54 

“74 

04 

06 

22 

-56 

12 

82 

00  24 

50 

05 

58 

-71 

4l ' 

07 

05 

-71 

35 

42 

180  24 

39 

lo 

180 

69 

30 

00  24 

67 

39 

07 

47 

-32 

42 

26 

12s 

28 

08e 

180 

73 

^5 

15 

37 

30 

•^37 

30 

421^ 

W-E 

1 0 

97 

M2 

09v; 

32 

42 

16 

06 

-*-37 

30 

V/-E 

1 3 ^ 

97 

22 

09  w 

32 

42 

42N 

16 

23 

>■37 

30 

42N 

W-E 

-1.  • 3 

97 

22 

09  b 

32 

42 

30 

00  24 

69 

l80  24 

64 

00 

W-E 

1 

07 

25 

48 

180 

“04 

16 

68 

0 

79 

W-E 

16 

25 

r40 

W-E 

180  43 

57 

06 

W-fi 

1 

Magni-  Color 
tude 


i9.5 

+10 


!10 

49 

-7-18  v/hite 

tO 


, O tr 


viili 


Ye  1 1 ow 
Yellow 
;-jhi  tfc 


* I 

A 
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IV) 

I 


■4 

i 

i 


-ijL 
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March , 195^> 


Station 
No . Nc-JllS 


Tima  (UT) 
d h m 3 


Right  A2I- 
Ascen.  muth 


Decll-  Alti-  Direction  Ang.  Ma 
nation  tude  of  Travel  Vel.  tu 


103  Al  t uquei-que , IJ . M . 

^1 0.1  BI  oem  fori  t e 1 11 , S . A . 
^103  Johannesburg,  S . A . 
^lOl  BloeiiiforiteiiijS. A. 
403  Johaiii '3oburgj S . A. 
103  Albuquerque , W,M . 


20  12 
20  17 

20  17 
22  17 

22  17 

24'  11 


29  22 

33  27 

34  11 

Id  33 

17  18 

55  43 


07  15 

07  03 


180 

00  24 
00  24 

54 

180 


1O7  30 
1-18  03 


51 

49 

40  24 

27  30  V/-E 


40 


i-9 


10 


'1«! 


'6 


t 


. ‘ ‘ ■ r ,0 


w r.'f*  * 


C&*  r>»4  - . .>  . - ' ■ - - 


&(»4 


19i>C-  Bcia  0.';e 


19 


19 


Sta 
i'.'  0 1 

tic.  n 
1 nTr.c- 

Tine 

d fi 

tUT) 

rr 

s 

Right 
A sc  en. 

AkI- 
mu  th 

Decli- 

nation 

Alti- 

tude 

Dlrec  tlon 
of  Travel 

Ang. 

Vel, 

Magni- 

tude 

Color 

102 

A i iU'i  0 g 0 r d 0 , M . rl , 

19 

11 

13 

38 

16  10 

0 

441 

79 

W-K 

+6 

Yello. 

103 

A 1 b L!  q u e : ■ q ’ = a „ IJ  * M .. 

19 

1 1 

15 

20 

180 

60 

irS 

103 

Albuquerque,  H«H» 

20 

Jl 

52 

u? 

160 

76  30 

n-6 

v.'hi  tc 

UCU' 

brynn.,.  Texas 

2i 

11 

20 

30 

17  13 

~07  36 

V6..S 

4 i| . 343 

Orn  Va 

027 

Manila t tan,  Karu 

2u 

11 

07 

34 

19  06 

--29  16 

W-E 

0*5 

47,5 

Whi  to 

I iV’jC''  Bota  T\v'0 
■:^M‘1tir'Cl'i  I 19 SC 


103  Albuquerque,  N.M,  20  1]  54  ii- 


180 


75 


48 


t V _0_e_f_.riM 
I'l.iren  1 '.■''.8 


27  11  45  20 


102  Al£.riiOf2:ordo,  NcM.  2?  11  45  20  16  25  -17  17.7 ^-SS 

All  ttcili  tio.L  ii  1976  Ganiir,a  obaorvation  was  reportod  by  Albuquerque,,  ll.M 
sariC  ciaj'',  iuiv  i i.  tin:3  nut  yoc  been  possible  to  evaluate  ito 
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CHAPTER  III 
SCISNTIPIC  RESULTS 


The  Orhit  and  Variable  Acceleration,  of 

Satellite  1958  Alpha 


By 


Charles  A.  Whitney^ 


1.  The  Orbital  Paramet 


.a 


There  is  no  need  at  present  to  alter  significantly  the 
orbital  elements  of  satellite  1958  Alpha  as  published  in 
the  Harvard  Announcement  Card  l404,  reproduced  in  Chapter  V 
It  should  be  noted  that  the  value  ofw^is  empirical  and<-ois 
derived  from  it  using  the  theoretical  ratio. 


2 . The  Variable  Acceleration 

Dtiring  launching,  the  final  stages  of  1958  Alpha  'were 
given  a spin  about  the  body  axis.  This  spin  has  been  expected 
to  stabilize  the  body  axis  parallel  to  the  velocity  of  the 
rocket  at  burnout. 


However,  such  an  orientation  was  soon  discovered  to 
be  inconsistent  with  Smithsonian  data  on  the  variations  of 
acceleration  of  the  rocket.  Dr.  Charles  Lundquist  of  the 
Army  Ballistic  Missile  Agency  informed  the  v/riter  that 
radio-signal  strength  measurements  of  the  Jet  Propulsion 
Laboratory,  California  Institute  of  Technology,  indicate 
tumbling  .with  a period  of  about  7 seconds.  This  period  is 
consistent  with  the  suggestion  that  a slight  dissipation  of 
energy  and  near-conservation  of  angular  momentum  very  rapidly 
led  to  a reorientation  of  the  body  axis  into  a plane  per- 
oendicular  to  the  axis  of  rotation.  The  rocket  now  rotates 
about  the  axis  of  greatest  moment  of  inertia,  its  angular 
aiomentum  having  been  essentially  unaltered. 


Physicist,  Smithsonian  Astrophysical  Observatory 
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In  an  offorr.  to  test  Chio  3v:3f^e.5tlO''. , 'he  p-^rio::- 
chan^os  of  1958  Alpha  have  been  re-pxorriine-i . 

Table  I lists  normal  points  fo!’  the  p^rT'^ee  tin:tes  as  a 
f up.c r.i on.  of  revolution  numb er , c cu n t i ro'*  t he  ^ fir 3 1 ^ 
passage  through  perigee  and  computed  for  zh^  perigee  given 
on  li.  A.C,  l404,  T.lmes  are  given  in  1958  year  days  ana 
decimals  talcing  January  1.0  = 


TABLE  I 

Perigee  Times  of  1958  Alpha 


Normal  Points 


(0-C) 


0 

397.1619(8) 

4-.OOCO9 

350 

425.07753 

-.00013 

4 ' 

f,; 

F> 

50 

401.15290 

- . 00C07 

400 

429.06215 

- oocoo 

a 

1 

y 

» 

100 

405‘ 14304 

-f  . 00004 

450 

433.04572 

-i- . 00007 

150 

409.13137 

. 00000 

500 

437.02306 

- . 00001 

200 

413.11963 

4-.  OOOOi 

p50 

44,1 . 00932 

+ . 00001 

A 

k 

250 

417.10645 

- . 00001 

600 

44a. 93940 

-.00002 

' ^ 

* 

'■i» 

1 

* 

300  421.09246 


00002 


Changes  of  anomalistin_ period  are  derived^by 
d i ^ a tion  of  this  raOi-e-  . o facilirane  .^ne 
tior/Lad  00  smooth  one  vat  a,  the  following  re  pres 
of  the  time  of  perigee  has  been  derived: 


7o  facilitate 


■n  d 

jfc  w w 


double 
diff  ?rentia 
ntation 


— ^ 


- 397.16189  + 0.0t'932705M  - 1*91  x 10  b 


+ O.C 0127  sin  ''0.01 


153b')  - O.OOOC62  sin  t:.01l2N) 


- Id  - 


Th.!,  G ejcpre 3 sio n r e o la  : -e  a 
Diffarenjas  (O-C)  c^tc^jeen 
expresGlar*  are  given  in  Table 
unc  er'aintles . 


GS  -1 


1 ^ 'I 


^‘"abli 


chat  r'iven  on  'i.  A.  0.  14 h4. 

Aor:r.aJ.  pg.'.;'t  ^ 5j't.d  thi ii 
I,  and  t’n*7  rit  is  vfibhln  the 


The  acceleration  is  then 


d? 

dN 


- -3.82  X 10 


,-7 


O.ST  10  ' sin  (.0153N)  + 0.0?3  10“^ 
sin  (.0119N) 


Table  II  lists  values  of  this  acceleration. 


TABL2  II 

Acceleration  of  1958  Alpha 
'A  10  'in  days/Rev*^) 


Obs. 


in  50 . 


Oo  3 . 


Theo . 


-3.8 


350  -3.2 


-3.78 


50 

-4.4  -b.C9 

100 

„4.6  -4.77 

150 

-4.4  -4.70 

200 

-3.8  -3.95 

250 

-3.25  -3.17 

0 

0 

0"^ 

-3.0  -3.C6 

Lundqu 

ist  has  kind! 

gratlon  of 

the  equations 

v.'ich  initial  conditions 

or  accelera 

tion  some  a- 3 

obtainea,  through  choice 

' .-jan.  value 

to  the  observ 

u :c  eleratlo 

ns  in  Toole  I 

400 


600 


-3.3 


500  -4.7 

550  -4.6 


-3. 


4.95 


450  ~4.li  -5.58 


-5.31 

-4.40 

-3.50 


available  a numerical  ince- 


A value 


By  ad’ustlng  ~he 


obtained . 


I 


liK# 


The  agreement  13  adequate  to  confirm 
rocket  attitude.  It  is  easily  shovm  that 
accelerations  are  not  compatible  with  the 
the  spin  axis  parallel. 


the  suggested 
'■he  observed 
body  axis  o,nd 


Such  a direct  scaling  of  the  theoretical  accelerations 
is  not  strictly  legitimate  because  long-neriod  variations  are 
improperly  manipulated,  riowever,  these  latter  appear  smaller 
than  the  air-drag  term  so  the  comparison  is  probably  not  mis- 
leading. Further,  it  should  be  noted  that  the  perigee  drops 
too  fast  in  the  integration,  accounting  for  the  increase  in 
the  mean  of  the  theoretical  acceleration . 


The  DeholUy  or  the  Upper 


t:no3phere 


Theodore  S.  Sterne^*’ 


I shall  present  a forr.ula  for  the  infer 
density  from  the  orbital  motion  and  physical 
of  artificial  earth  satellites,  and  then  I s 
to  orbital  data,  for  the  American  earth  sate 
kindly  provided  me  by  Dr.  Charles  A.  Whitney 


A Formula  for  Inferrinz  Atmospheric  Densi 


irom  ch 


Motion  of  Arti 


re  a and  e are  the  mean  distance  of  the  satellite 
eccentricity,  respectively;  vihsre/l  is  an  operate 
Increase  in  one  revolution  of  the  quantity  upon 
rates,  where  a is  the  earth's  equatorial  radius, 
the  atmospheric  density  at  geocentric  distance  r, 
3 the  eccentric  anomaly.  In  equation  (l)  c ' Is  t 
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dimensionless  quantity  v;here  A is  the  satellite's 

cross-sectional  area,  m its  mass^  Cp  the  dimensionless 
aerodynamic  drag  coefficient  that  is  believed  on  theoretical 
grounds  to  be  approximately  2,  and is  "he  atmospheric 


density  at  sea  level 


I o 


Nov-i  (Xj  the  time  derivative  of  a,  is  clearly /i_a/?  where  ^ 
is  the  orbital  periody^  i'loreover,  Kepler's  second  law  states” 
ijhac  P varies  like  Therefore  ?/p  ~ (3/2)a/a,  and  therefore 

P = 3A^2a. 

The  only  important  contributions  to  the  integral  in  (l) 
come  from  portions  of  the  orbit  near  perigee  because  of  the 
rapid  decrease  of  density  with  increasing  height.  If  the 
density  P(r)  is  approximated,  through  a region  near  perigee 
and  above  it,  by 


by 


-Kz 


v/here  /^13  the  density  at  perigee,  z is  the  altitude  above 
periged,  and  K is  the  logarithmic  gradient  of  density  near 
perigee 

K = -2.3026  (d/ds)  log^Q  P, 

then  the  integral  can  be  shown  to  be  given  approximately 
but  closely  by 


(2; 


-c 


-,^3  2 

l--e 


-rr-  I ^ /Fn  , ^ 1 T ^ ^ u fo 

il  ~2  - — ■*■■■  j 

X I]^(e)  j.. 

Where  c = Kae,  and  where  I and  I,  are  Bessel 
purely  imaginary  argument.  It  follow  tha.t 


3e 


3, 


1+-^  +.  ,7 


f^inctlons  of 


P=  - 377 


(1+etc.) 


(c)  T~  f Se—etc 


3) 


with  rather  high  accuracy  under  all  condlticr's. 

The  Bessel  fiincttSins  can  be  expanded  asymptotically  in 
descending  powers  of  j?,  and  if  this  is  done  equation  (3) 
r ? come 3 


P = - 3C 


_ A ^ 
D 


a \ 


e 


1 /„t.  f {c 

, '/^  1 \C--I 


I Jj 


-j,  ■% 


«JI  , T ^ 
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where 


f{c,e)  = l+2e^-!-  (3e^/2)  + 

8c 


9-^3 


128c 


5.‘^e 

0“^  (5) 


correctly  to  a few  percent  when  e lies  betv;een  0.02  and 
0.20  ana  K e:iceeds  0.01.  Outsida  these  limits,  equation, 
is  still  valid,  and  may  alvjays  be  lised. 


(3) 


If  a Is  measured  in  units  of  a^,  6378  kilometers,  there 
results  from  (4)  the  practical  formula 


4.826  X 10' 


15  ; 


A C 


a f (c,e) 


v/here  P is  the  rate  of  change  of  period  in  seconds  per  day,  m 
is  the  mass  of  the  satellite  in  grams,  ^ is  the  satellite's 
area  in  square  centimeters  projected  on  a plane  normal  to  the 
direction  of  motion,  Cp  is  the  dimensionless  aerodynamic  drag 
coefficient,  believed  to  be  approximately  2;  a is  the  mean 
distance  expressed  in  earth  radii  of  63^8  kilometers;  c is 
6873  Kae  If  Zf  in  (2),  is  In  kilometers;  and  f(c,e)  is  given 
by  (5). 


.\n  average  vai 
should  be  used  in  ( 
all  orientations  oc 
is  one  fourth  of  it 
somewhat  dependent 
appi7/lng  equation  ( 
atmosohere  like  the 
without  reference  t 
(8),  or  (3).,  to  two 
heights  and  adjust! 
resulting  perigee  d 


ue  of  the  A of  a non-spherical  satellite 
2),  and  for  a convex  satellite  of  which 
cur  with  equal  frequency  the  average  A 
3 total  superficial  area.  The  value  of  K, 
on  perigee  height,  can  be  approximated  by 
1)  somewhat  above  perigee  to  a model 
ARfC'^,  Alternatively,  K may  be  determined 
o assumed  models  by  applying  equation 
or  more  satellites  with  different  perigee 
ng  X until  it  is  consistent  with  the 
easities . 


(6) 


I am  indebted  to  Dr.  (x.  ?.  Schilling  for  urging  me  to 
develop  some  simple,  approximate,  formula. 


R.  A.  Mincner  and  V;’.  S.  Ripley,  ’’Tae  AHDC  ivodel  Atmosphere,  1938*'. 
Air  Force  Surveys  in  C'eophy.sic3,  ho.  35,  Geophysics  Research 
Directorate,  AFCHC,  ARDC,  December  I956. 
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Density  Inferred  from  1953  AlD'n.a 
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es 


','Tnitney  provided  orblt-il  data  for  the 


American  artificial  sateillfca  1953  Alpha,  a .,  of  February  1;,  1953 
The  data, 3 which  he  obtainad  from  an  analysis  of  "Koon^atch" 
(visual)  and  "Mlnitrack*’  (radio)  observations,  were?  eccentricity 
0.139*  inclination  33^*2,  argument  of  perigee  120°. 0,  anomalis- 
tic period  0^.0793274,  rate  of  decrease  of  period  3.9  Jc  10'“'<^ 
days  per  period^  or  about  0^.42  per  day*  From  these  data  I have 
inferred  a mean  distance  of  1» 22757  earth  radii,  corresponding 
to  a perigee  height  above  the  Internaticmal  ellipsoid  of  363 
Icllometers. 

it 

The  satellite  is  a cylinder  6 Inches  in  diameter  and  80 
inches  long,  with  a mass  of  about  l4  kilograms.  The  area  A 
of  such  an  object,  relevant  to  its  air  resistance,  is  its 
area  projected  on  a plane  normal  to  its  direction  of  motion. 

The  average  over  all  possible  orientations  for  random  tumbling 
is  1/4  of  the  total  superficial  area,  or  2520  cm--  The  same 
value  is  obtained  if  it  is  considered  that  the  cylinder  spins 
about  a transverse  axis,  randomly  oriented  with  respect  to  the 
orbital  plane,  and  gradual  orbital  changes  influence  the 
orientation  of  the  spin  axis  near  perigee  from  passage  to 
passage.  Averaged  over  a spin  period,  over  orientations  of 
the  spin  axis  with  respect  to  the  orbit  plane,  and  over  the 
motion  of  perigee  the  sa^e  average  value  is  obtained  as  for 
random  tumbling,  2520  cm*^;  this  value  has  been  employed  as 
A in  eq’uation  (6). 

The  aerodynamic  drag  coefficient  has  been  taken  to  be  2, 

The  density  has  been  inferred  by  the  method  described  in 
Section  2 of  this  article  from  this  value,  the  mass,  the 
average  area,  the  eccentricity,  the  mean  distance,  the  rate 
of  decrease  of  period,  and  the  logarithmic  derivative  of 
density  near  perigee  given  by  the  ARDC  model  atmosphere* 

The  density  thus  found,  about  1,5  x 10"  gm/cm^  2-^  ^ 
geometric  altitude  of  363  kilometers  (348  geopotantial is 
about  1-  times  that  predicted  at  such  an  altitude  by  the 


See  also  Harvard  College  Observatory,  Announcement  Card 

1404  (1953). 

Ilarvard  Coliege  Observatory,  Apnouncament  Card  1390  (1153) 
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ARDC  model.  It  falls  nearly  on  the  middle  curve , Mo.  2,  in 
a study5  that  tentatively  suggested  a modification  of  the 
ARDC  atmospheric  model  to  satisfy  a density  of  Jc  10“13g^/cm3 

at  220  kilometers  (213  geopotentlal)  that  had  been  Inferred^ 
from  observations  of  the  USSR  satellite  1957  Alpha  2.  This 
value  was  about  9 times  the  ARCC  density^. 

The  values  4.5  -x  10"*^3  gjti/cm^  and  1,5  x 10~3^  gm/cm^ 

depend  somewhat,  although  not  strongly,  upon  the  gradients  of 
density  of  the  ARDC  model  employed  in  the  reductions.  It  seems 
better  to  adjust  the  model  so  as  to  render  it  consistent  with 
the  perigee  densities  that  result  from  the  K's  of  the  adjusted 
model.  A formal  least- squares  adjustment  has  not  yet  seemed 
warranted  but  a non-least-squares  adjustment,  allowing  for  the 
effect  of  the  adjustment  upon  K,  has  indicated  densities  of 
about  4.0  X 10~l3  gm/cra3  at  220  kilometers  (geometric)  and 

about  1.4  X 10“14  gni/cm^  at  368  kilometers  (geometric).  These 
values  do  not  agree  well  with  the  densities  predicted  b?/  Harris 
and  Jastrow7  as  extrapolations  from  altitudes  of  about  220 
kilometers  and  below.  They  appear  to  be  in  unexpectedly  good 
agreement  with  curve -No.  2 of  reference  5.  do  nou  involve  any 
very  implausible  temperature  gradients,  and  I prefer  them. 


4.  Adjustment  of  the  ARDC  Atmosphere 

The  preferred  values  at  220  and  368  kilometers  can  be 
represented  by  an  additive  correction  to  the  common  logarithm 
of  the  density  of  the  ARDC  model,  of  roughly 

0.39  t 0,0016  {z  - 220) 

v;here  z is  the  geometric  altitude  in  kilometers  above  sea- 
level. 


T-  5.  Sterne,  0,  ?,  Schilling,  and  3.  M.  Folkart,  Special 
Report  ito.  7,  I3Y  Project  Mo.  30.10,  Smithsonian  Astrophysic 
Observatory,  Cambridge  (1957),  Flg’ure  2. 


tame  and  G 
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Schilling,  Special  Report  No.  3,  10 Y 


Project  No,  32.10,  Smithsonian  Astrophyslcal  Observatory, 
Cambridge  (1957). 


7, 


I,  Jiarrls  and  H,  Jastrow,  Science  127,  ^51  1.1958} 
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Life  Expectancy  of  Satellite  1938  Alpha 


By 


Lul^i  G*  Jacchia 


Dr,  D,  G»  King-Hele  of  the  Ro?/al  Aircraft  Establi  shnjente 
Parnborought  England,  has  kindly  transmitted  to  us  a useful 
formula  developed  by  Dr.  D.  C.  M.  Leslie  for  computing  the 
lifetime  of  a satellite.  _,At  a given  time  t let  P be  the 
period  of  the  satellite,,  P the  rate  of  change  of  the  period, 
and  e the  orbital  eccentricity.  The  life  expectancy  of  the 
satellite  at  time  t can  then  be  expressed  as 


T = I e 


1 + 0 


I 


^O(e)  = errors  of  order  el 


This  equation  gives  excellent  results  when  apolied  to 
satellites  1957  cii,  1957  oc2  and  1957  0. 


A.ccordlng  to  Dr.  Charles  A.  Whitney,^  on  February  1,  1958 
we  had  for  satellite  1958  a; 


P = 0.07983;  P = - 


X 10  /day;  e = 0 


From  these  data  Leslie’s  formula  yields 
17^0  days,  or  4 years  and  9 months;  the 
fail  toward  the  end  of  1962. 


a life  expectancy  of 
satellite  should  then 


Before  the  value  of  ? became  accurately  known  from 
observations,  a rough  calculation  of  the  drag  to  be  expected 
on  the  basis  of  the  physical  characteristics  of  the  rocket 
satellite  and  of  the  Smithsonian  Interim  Atmosphere^  densiT:ies 

had  given  a predicted  value  of  -5^7  x 10“^ /day  for  P,  from 
which  a life  expectancy  of  3 to  5 years  was  "deduced. 


Physicist,  Smithsonian  Astrophysical  Observatory 


’larvar 


.<4  n 


Announcemem:  C 


ard  No.  l40^;  I-larch  17,  1953. 


T.  £.  Sterne,  3.  M.  Folkart,  and  G.  P.  Schilling:  "An 

Interim  Model  Atmosohere  Pitted  to  Preliminary  Densities 


Ini’erred  from  USSR  Satellites  . Special  Report  No.  7, 


IGY  Project  No,  30,10,  Smithsonian  Astrophysical  Observatory, 
C?;nbridge,  December  31,  1957- 
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CHAPTEIl  IV 


USE  vlHSr  DISTRIBUTION  OP  SATELLITE  PtlEDIGTIONS 


R.  M.  Adams 


The  individual  sections  of  this  Chapter  discuss  in 
detail  the  various  ephemerides,  or  computer  programs,  used 
hy  the  Smithsonian  Astrophysical  Observatory  for  the  ana- 
lysis of  incoming  observational  data. 


The  sub-satellite  program,  developed  by  Dr.  L-  G.  Jacchia 
is  a computer  program  used  internally  to  rapidly  analyse 
Incoming  observations  and  to  derive  the  basic  information 
for  the  computation  of  search  ephemerides.  The  program  was 
devised  by  Dr.  Jacchia  and  originally  programed  for  the 
IBM  type  65O  computer  by  R.  E.  Briggs.  It  was  later  trans- 
lated for  use  with  an  IBM  tyoe  704  Calculator  by  C.  T,  Apole. 


Ephemerls  5,  described  by  John  Gaustad,  produces  sa- 
tellite ^predictions  of  a nature  ivhich  are  useful  for  Moorj- 
wacch  and  other  observing  teams  and,  in  addition,  are  also 
of  interest  to  the  general  public.  These  predictions  are 
easily  obtained  and  can  be  distributed  readily.  Normal 
operatJ^wg  pracedure  consists  of  mailing  these  predictions 
to  Moonwatch  teams,  astronomical  observatories,  and  other 
groups  of  interested  observers  on  a regular  basis.  The 
predictions  are. normally  accompanied  by  the  orbital  elements 
used  in  making  the  predictions.  These  predictions  are  also 
used  for  constructing  the  charts  described  by  Pairman  and 
Ve  i 3 . 


Ephemeris  4,  discussed  by  Charles  Moore  and  Don  Lautman 
is  designed  to  produce  precise  predictions  for  the  twelve 
photographic  tracking  stations  established  throughout  the 
viorli  by  the  Smithsonian  Astrophysical  Observatory.  These 
predictions  are  sent  in  coded  form  by  telecommunication 
channels  on  a day  by  day  basis. 


discussed  by  R.  Briggs,  is  designed  to 
of  oredictions  for  oarticular  station 
ime,  azimuth,  altitude,  height,  and  dl 
tuds  crossing,  and  time,  altitude,  and 
erldian  crossing.  Although  it  was  ori 
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of  machine  time  ranuired  for  tbasa  predictions,  :lC  xs  now 
fait  that  they  wili  be  made  only  in  particular  applications 
when  the  situation  warrants. 


The  charts  or  predicted  satellite  positions,  described 
by  Jean  3.  Falrman  and  George  Veis,  were  originally  intended 
for  internal  use  and,  incidentally,  for  presenting  predictions 
to  interested  news  agencies  in  a form  convenient  for  pviblic 
use.  However,  the  use  of  these  charts  has  been  extended. 

They  now  provide  information  which  is  broadcast  over  tbs 
Civil  Air  Patrol  Coraniunica tions  Network,  thus  enabling  rapid 
dissemination  of  predictions.  Arrangements  have  been  made 
whereby  observing  teams  are  contacted  daily  by  units 
providing  the  most  recent  predictions  of  satellite  passages. 

To  a great  extent,  this  arrangement  alleviates  the  problem 
encountered  in  distributing  predictions  by  laail.  This  is 
particularly  true,  of  course,  in  those  instances  in  which  it 
is  impossible  to  make  accurate  predictions  for  more  than  3 or 
4 days  in  advance  due  to  fluctuations  in  the  rate  of  a satel- 
lite's acceleration. 


Progra*^  for  Determination  of  Geographic 
Sub -Satellite  Points 


Luigi  G.  Jacchla-5* 


The  sub -satellite-point  routine  was  devised  for  the 
double  purpose  of  rapidly  analyzing  incoming  observations 
and  of  obtaining  from  them  the  basic  results  necessary  to 
compute  a search  ephemerls.  Osculating  equatorial  elements 
are  assumed  for  a time  t_  (either  an  ascending  node  or  a 
perigee  crossing)  and  instantaneous  elements  are  derived 
from  them  for  any  time  t,  using  empirical  equations  to 
account  for  secular  perturbations  and  drag. 

The  elements  are  given  in  the  following  form: 

t„  (or  t_)  = t-  +Cin  + Coh^  + c^n^ 

II  o 1 d j 

2 

cj  = -?■  d^t  -r  d2t  + d^t~^ 

1 = constant 
q = constant 


Here  tj->  Is  the  time  of  ascending-node  crossings, 
the  time  of^perigee  crossings,  co  ths  argument  of  perigee, 
i the  orbital  Inclination,  q the  perigee  distance,  and 
n the  number  of  revolutions  elapsed  since  c^,  Co  , 

Co  , d di,’do,  do  She  constants.  The  right  ascension  of 
the  asSendirig  node,  is  given  only  in  crude  form 

( a »=  ao  + ot^t),  since  it  Is  required  only  to  know  whether 
bhe  observation  was  made  on  the  ascending  or  the  descending 
half  of  the  orbit. 


Every  observation  consist  of  tv/o  spherical  co-ordinates 
(right  ascension  and  declination,  or  azimuth  and  altitude; 
referred  to  a time  t and  to  a set  of  station  co-ordinates, 
which  are  fed  into  the  machine  program  as  input  data.  First 
the  machi.ne  computes  the  value  of  n at  the  node  or  perigee 
cros3tr.g  immediately  preceding  t,  then  computes  the  nodal 
or  ancmalistic  period  for  that  value  of  n by  differentiation 
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and  proceeds  to  compute  from  it  the 
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instantaneous  major  axis  a and  the  sccentric ity  g.  T’-.a 
halgtt  atovs  the  33a  lo'/el  at  the  time  o:'  oh -■ervatio-  ’ 
obtained  by  an  iT;3rative  process  - rirs t l I'l  comput-'': 
for  an  orbital  poin“  at  the  latitude  od  the  observing 
ai:ation;  using  thio  height j an  approximate  ouo-satellite 
point  13  computed,  for  vtnlch  In  turn  a new  height  is  ob- 
tained using  it3  latitude;  this  gives  a nev;  appr-C'Xltiation 
to  the  sub -satellite  pointy  and  so  on. 

Once  the  sub-satellite  point  is  stabilized,  instantan- 
eous values  of  a^-^and  t^j  are  computed  from  it  using  the 
orbital  elements;  residuals  are  taken  for  both  quantities 
from  empirical  equations  to  facilitate  the  task  of  plotting 
their  values  on  large-scale  diagrams. 
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The  program  gives  somewhat  uncertain  results  X'fhen  the 
ervatlons  are  made  near  the  orbital  apex  (the  point  of 
best  or  lowest  latitude).  In  those  cases^  if  Is 

I kno>m  from  other  observations,  the  Iteration  for  the 
-sacellite  point  can  be  made  to  start  from  Og  - a y-) 
bead  of  ^*(03  = right  ascension  of  station,  = geo- 
tric  latitude  of  station).  The  times  tn  and  c-^  will 

II  be  useable,  although  no  independent  vs'lue  of  a 
thus  b e ob  ta  i r.e  d . 
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Prsdictions  for  Crossings  of  Given 
Parallels  — APO.  Ephemerls  5 


by 


Latitude 


John  Gaustad’* 


Ephemeris  5 is  a general  satellite  prediction  program 
written  for  the  IBM  ?04  computer.  It  is  designed  to  pre- 
pare a concise  summary  of  predictions  in  a form  easily  usa 
ble  by  observing  teams  and  other  Interested  parties  and 
yet  general  enough  for  quick  production  and  distribution. 
It  is  not  Intended  to  have  the  specific  applicability  of 
Ephemerides  3 and  k to  individual  MOONWATCH  or  camera 
tracking  stations,  but  because  of  its  generality  It  takes 
z'elatlvely  little  computer  time. 


The  program  produces  as  its  primary  output  a list 
of  all  crossings  of  a parallel  of  latitude  in  a specliied 
period  of  time.  It  lists  for  both  the  south-north  and  the 
nc^th-south  crossings  the  time  of  crosst'ng,  the  longitude, 
and  the  height  of  the  satellite  above  the  earth’s  surface. 
The  angle  the  oolnt  of  crossing  between  the  meridian 
a.nd  the  trace  of  Vne  satellite  path  on  the  earth's  surface 
is  also  computed. 


ac 


The  program  Is  general  enough  so  that  it  can  be  used 
Po"  ?ny  satellite  and  any  oarallel  of  latitude.  For  the 
Russian  satellites,  1957  Alpha  and  1957  3eta^  the  most 
us3t'’u1  information  was  the  crossings  of  the  40th  parallel, 
th-'s  being  about  the  middle  of  the  United  States.  For 
the  .American  satellites,  because  of  their  lowar  inclination, 
30th  parallel  crossi.ngs  are  the  most  generally  ussd.^  The 
program  can  also  be  used  in  making  predictions  ..or  vhe 
southern  hemisphere. 

The  format  of  the  predictions  can  be  varied  oy  the 
use  of  code  numbers  on  the  input  cards.  Times  may  be  com- 
niited  and  orinted  In  either  Universal  Time  (UTy  or  i:.a^tern 
Standard  Time  (EoT) , longitudes  in  degrees  west  or  east 
of  Greenwich,,  and  heights  in  either  miles  or  klloTneters. 


com 


^Physical  Science  Aide,  Optical  Satellite  Tracking  Progra.ci, 
Smithsonian  .Astro physical  Obseri'atory  . 
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In  addition  ths  results  rnay  lie  rounded  to  tha  neares 

minute,  tenth  of  a de.'.sree^  and  ralle,  or  one  rAindredoh 

L.  - — 1,, ,1,,-  ^ hun- 

helght , 


minute,  tenth  of  a de.gree,  and  ralle,  or  one 
of  a mlnube,  one  thousandth  of  a degree,  ant 
dredth  of  a mile,  for  time,  iongicude,  and  h 
respectively . 


The  elements  necessary  as  input  data  for  the  pro- 
gram  are  as  follows:  an  equation  either  for  the 

of  crossing  .the  ascending  node  or  of  passage  through 
perigee  as  a function  of  the  number  of  revolutions, 
quadratic  equations  In  time  for  the  argument  of  perigee 
and  the  right  ascension  of  the  ascending  node*  the  in- 
clination; and  the  perigee  distance.  The  perigee  dis- 
tance is  assumed  to  be  constant  over  the  range  of  pre- 
diction. From  these  elements  the  predictions  are  made 
using  the  standard  equations  for  an  elliptic  orbit. 

Secular  and  long  period  perturbations  causing 
changes  in  the  argument  of  perigee  and  right  ascension 
of  the  node  are  accounted  for  in  the  quadratic  equations 
for  these  elements . Atmospheric  drag  is  accounted  for 
empirically  in  the  equation  for  time  of  nodal  crossing 
or  perigee  passage.  Short  period  perturbations  are 
not  included.  The  semi-major  axis  Is  computed  directly 
from  Kepler’s  Third  Law,  using  either  the  nodal  or 
anomalistic  period,  depending  on  the  form  of  the  time 
equation.  This  leads  to  some  error  in  the  heights, 
but  for  the  present  satellites,  this  does  not  exceed 
one  mile . 


^ secondary  part  of  the  program  Is  concerned  with 
producing  a "situation"  report  which  gives  the  most 
pertinent  facts  about  a satellite’s  orbit.  Computed 
for  any  day  are  the  period,  rate  of  change  of  period, 
latitude  of  perigee,  rate  of  change  of  latitude  of  peri 
gee,  helg.tt  of  perigee,  height  of  apogee,  rats  of  chan 
of  height  of  apogee,  end  height  over  a specific  parallel 
of  latitude  (^Oth  for  -957  -^Ipha  and  1957  3eta,  3^3th 
1953  Alpha  and  1953  Beta)  for  '"lobh  the  south-north  and 


for 


north-south 


O ^ ^ 


The  program  is  In  opera tlr.g  condition,  a.nd  has  been 
used  successfully  for  the  past  several  weeks  In  making 
predictions  for  the  U 3.  satellites.  Cliangea  are  con- 
templated in  the  future  to  incorporate  a mors  accurate 
method  of  determining  the  heights.  Tests  v/lli  be  “lada 
to  insure  that  the  program  works  properly  for  special 
cases  such  as  Inc linao Ions  greater  than  nlr.etr  degrees 
( r t ro grad e satellites)  . 
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Predictions  for  Photographic  Satellite 
Tracking  Stations  --  APO  Ephemaris  4 


by 


Charles  H.  Moored  and  Don  Ac  Lautman^ 


Ephemeris  4 is  the  computer  program  for  predicting 
satellite  positions  for  the  Baker-Nunn  camera  stations. 

The  present  formulation.-  utilizes  the  currently  best  set 
of  elements  available,  accounting  for  the  drag  by  means 
of  a polynomial  in  the  mean  motion,  and  including  only 
secular  perturbations.  The  prediction  subroutine  is  a 
nirmerlcai  integration  which  includes  the  effects  of  oblate- 
ness and  drag  exactly.  In  the  case  of  satellites  which 
are  high  enough  so  that  drag  can  be  neglected,  a complete 
first-order  perturbation  theory  including  periodic  per- 
turbations can  be  used. 


The  basic  requirements  demanded  of  predictions  in- 
tended for  camera  stations  are:  (ij  predictions  must  be 

limited  to  observab-le  passes  and  (2)  predictions  must  be 
made  for  the  point  of  culnilr.ation.  The  optimum  approach 
would  be  to  integrate  the  equation  of  motion  for  the  sa- 
tellite, obtaining  these  predictions,  as  well  as  other  lata 
directly.  However,  a quicker,  though  less  accurate,  method 
13  discussed  here,  which  has  been  developed  in  an  attempt 
to  obtain  predictions  as  soon  as  possible. 


This  program  for  the  IBM  EDPM  70^  employs  the  orbital 
elements  of  the  satellite  and  transforms  them  by  graphical 
(trigonometric)  means  into  specific  predictions.  The  ac- 
curacy of  the  predictions  is  well  within  the  accuracy  of 
the  orbital  elements  employed,  and  Is  probably  the  best  that 
can  be  gotten  without  employing  more  sophisticated  methods, 
and  is  fitted  to  the  requirements  of  the  Baker-Nunn  tracking 
cameras . 


The  input  to 
coordinates  of  th 
above  sea  level) 
elude  the  time  at 


the  computer  consists  basically  of  the 
e stations  (latitude,  longitude  and  height 
and  the  orbital  elements.  The  latter  in- 
which  the  satellite  is  at  the  asce.nding 
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Physical  Science  Aide,  Optical  Satellit 
Smithsonian  Astro physical  Ooservatory 


' rack! n g Png r sun , 


Machematlcian,  Optical  Satellite  Tracking  Program,  Smith 
sonian  Astro  physical  Observatory 


■ OLA  . i -to  U # 
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node  (or  -.t  parlgae)  ri^ht  =S3cension  of  Lha  iscendinc^ 

^ P"-rigee,  r jv.^  inc  U.-:  i t i . :■;  of  rha  orb^t 

CO  too  aqujtorv5l  oUr,^,  cha  vaue  of  periv--  r'  -. 

Ct.nc..iciu>  tn,  oroi^.  Lime  xs  given  oa  ^ poivnomiai  in 

«' ■evolutions,  from  which  tha  pariod'c:-Jn  be 

nni  the  ascending  node  snd  perigc;e"ore 

pol/ncmials  in  tpie;  tne  ocher  elements  are  instantaneous” 
voiues  at  on  arbitrary,  specified  time.  Additional  input 

for  ji-u^'rv  0 «Qulnox  jnd  che  sun 

predtccionl  dasyd"*"' 


The 


(1> 

(?) 

(3) 


program  follows  the  general  outline  listed  below 

Reduces  the  station  coordinates  to  nor=^  con- 
venient torm. 

updates  the  instantaneous  values  of  the  orbital 
t.emancs.  This  is  done  each  revolution, 
-cmpuces  the  point  of  entry  into  and  exit  from 
toe  s^ctn  s shadow.  This  data  may  be  printed 
out  ir  desired,  It  is  useful  for  general  pre- 
dictions where  great  accuracy  is  not  expected, 
•-.otuputas  toe  position  of  culmination  for  each 

determines  whether  the  conditions  for 
tretn  the  stations  ire  fu"*  f i ^ l(=*d  snd 
if  so  prints  chat  information.  - - » 


f->,a  distinct  portions  of  the  output.  First 

longitude  and  time  of  entr^/  into  or  exit  crem  * 
Cne  earth's  shadow.  Second,  the  altitude,  azimuth 

£o?^“Ih’'-tatio?’  '-i  of  visibie  pa'SJ4s 

car  „acn  ^Cation.  tne  concicion.s  for  visibiLitv  amo loved 

hiri  — - ‘'^j^ible  at  least  15*=  above  the 

oo Cl -aria  oe  ia.luminaced  bv  rh?  -un  whil.*  ■« i- f- -j  ■ 

■i  ^ ^ -i  ^ — - f , * ^ .vtiJLLtf  LG  3 exon  "L  ^ 

^ ^‘'3<icw.  No  restriction  is  placed  upon  the 

is  ?*  =‘='^^Uite.  hence,  the  range 

die -Ton-'’  ‘ cax.^..  7 '■to  con  Si. deration  voen  using  the  pre- 

aici_iono.  ar.gui.ar  ve.ocicv  ’ ■<.  usprnl  f,"-  ^ 

3 _3  u5i«luj.  E‘.j,  traciiing  purposes. 

• The  cnird  portion  ot  the  output  is  essenciallv  ch^  -r^- 

abov=  however,  ic  U put  i;-.toa  tad. 
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(1.)  Altitude  -and 
'Po roach , 


azimuth  of  the  point  of  : lo.se st 


w 


liblWV*  . 
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Tii’fie  of  closest  approach. 

Apparent  angular  velo  ci ty . 

Angle  between  point  of  closest appvoach  and 
passage  into  or  out  of  the  earth's  shadow. 
Time  of  intersection  with  the  ea.rth's  shadow. 
Distance  of  the  satellite. 

Zenith  angle  of  the  sun. 


The  advantages  of  the  program  are  an  expected  .minimum 
of  computation  time,  and  the  elimination  of  superfluous  data, 
na.mely  non-observable  predictions.  \iLth  such  a program, 
predictions  can  be  made  to  the  necessary  accuracy  as  soon  as 
orbital  elements  are  available.  The  disadvantage  of  the  pro- 
gram is  its  dependence  upon  the  Independently  determined  or- 
bital elements. 


Program  oT  Spot  Predictions  for 
Specific  Observing  Sites  --  APO  Ephemeris  b 

by 

a 

R,  Briggs'* 


This  program  computes  for  a given  observing  station  a 
sequence  of  satellite  positions  in  altitude -azimuth  and 
corresponding  times.  This  sequence  comprises  all  the  ob- 
servable (visual  or  otherwise)  latitude  and  meridian  crossings 
which  'Will  occur  within  a specified  Interval  of  time.  Ac- 
curacy is  limited  at  the  present  to  the  use  of  first  and 
second  derivatives’  of  the  nodal  period,  to  the  use  of  first 
derivatives  In  the  tiot ions  of  perigee  and  the  node,  and  to 
the  assumption  of  constant  perigee  distance.  When  the  ef- 
fects of  air  drag  are  included  under  these  restrictions, 
experience  has  shown  that  over  two  weeks  the  positions  may. 
be  in  error  by  at  most  four  degrees  and  the  times  in  error 
by  a few  seconds. 


As  yet,  Ephemeris  3 has  not  been  used  for  the  American 
satellites.  It  is  planned  to  make  minor  revisions  in  the 
program  so  uhat  the  anomalistic  period  of  the  satellite  can 
be  used  in  place  of  the  nodal  period.  Further,  derivatives 
of  the  anomalistic  period  will  Include  trigonometric  and/or 
exponential  terms.  These  changes  are  presently  being  deve- 
loped and  the  program  will  see  use  when  the  operational  si- 
tuation warrants  the  comparati’/ely  large  amount  of  machine 
time  required. 


* I'lathematlclan, 


Smithsonian  Astro  physical  Cbserva-cory 
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Charts  of  Pr^idictad  Satellite  Positloas 


Jean.  3.  Fairnan*  and  Georss  Veis*"^ 


In  an  effort  to  provide  wore  Information  In  forma 
immediately  useful,  without  considerable  computation,  for 
observers  in  the  U,3.  and  readily  understandable  to  the 
general  public,  v/a  have  made  our  prediction  data  avail- 
able in  several  forma  other  than  the  formal  Ephemerldes, 
the  primary  prediction  material  sent  by  mall. 

1.  Visibility  ?tos 

The  first  of  these  additional  distribution  operations 
was  our  production  for  the  newspapers,  vrlre  services,  and 
networks  of  daily  maps  of  the  northern  hemiphere  showing 
the  visible  passes  of  the  satellites.  The  aim  of  this 
distribution  has  been  to  encourage  the  publtshlr^  of 
these  maps  and/or  satellite  predictions  on  a daily  basis 
by  the  papers  both  for  the  specific  Information  of  our 
many  observers  and  for  the  interest  of  the  general  read- 
er, as  a supplement  to  the  someti.mes  delayed  mail  deliver- 
ies. To-date,  they  have  been  regularly  picked  up  by  the 
Associated  Press  and  sent  to  New  York  for  distribution, 
although  their  correspondent  reports  a general  lack  of 
Interest  among  subscribing  papers.  A sample  of  these 
maps  is  shown. following  this  section. 

Each  map  contains  all  visible  passages  of  the 


satellite  for  the  morr.l.’ig  or 
a given  day  , and  3'ncr:rs  in  an 
tl.me,  location  and  direction 
the  ob3er*/er,  who  can  locate 


evening  twilight  period  of 
easy  to  grasp  fashion  the 
of  the  pass  relative  to 
himself  easily  on  the  ;:iap. 


The  maps  are  designed  to  appear  as  simple  as  possible, 
with  a legend  briefly  explaining  the  meanir.g  of  the 
outlines  (omitoed  In  the  samples) . 


I 
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^Computer,  Optical  Satellite  Tricking  Program,  Smlt 
-As trophy 3 ical  Observatory  . 

■*'*Con3ultant , Optical  Satellite  Tracking  Program,  Smithsonian 
A 3 1 rophy 3 ical  Ob s e rva  tory . 
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The  visibl  e portion  of  each  passage  la  sho'wr*  as  a 
solid  line,  and  Its  dashed  extension  represents  the  non- 
vis  idle  lnter\'al  of  the  orbit  which  lies  within,  the  area 
of  general  visibility.  Each  of  the  cross  bars  on  the 
satellite  path  represents  a minute  of  travel,  so  that  the 
time  of  the  satellite’s  passage  over  ar.y  point  can  easily 
be  determined.  The  dot  separating  the  solid  and  dashed 
orbit  locates  the  point  at  which  the  satellite  enters  or 
leaves  the  earth’s  shadow,  and  the  line  which  interrupts 
the  opposite  end  of  the  visible  orbit  represents  the  6* 
twilight  (Civil  Ti'filight)  boundary.  The  closed  dotted 
or  dashed  form  encloses  the  complete  area  within  which 
the  satellite  may  be  seen  above  15“  altitude,  Tn  addition 
to  the  twilight  boundary,  the  other  sides  of  the  area 
show  the  distance  from  which  the  satellite  may  be  seen, 
as  a f*ijinctlon  of  its  height. 


In  solte  of  the  relative 
its  construction  incorporates 
following  factors,  which  givs 
gree  of  accuracy: 


simplicity  of  the  diagram, 
corrections  for  the 
it  a reasonably  good  ds- 


(1)  Inclination  of  the  orbit. 

(2)  Period  or  speed  of  the  satellite — this  affects 
the  time  markings  on  the  satellite  path. 
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(3)  Sccentrlcity  and  true  anomaly.  Corrections  for 
these  factors  further  refine  the  time  Inter'/als 


4 , 
} 


(4) 


Height  of  the  satellite.  Distances  of  visibility 
and  location  of  the  earth's  shadow  depend  on 
this  factor. 


(5)  Rotation  of  the  earth.  This  affects  the  longi- 
tude of  the  sub-satellite  points., 


(6)  Regression  of  the  ascendir^g  node.  This  correction 
further  locates  the  points  over  which  the  satellite 
will  oass . 


(7)  Changes  in  the  coordlr.ates  of 
for  this  adds  to  the  accuracy 
period  adjustments. 


perig 
of  th 


Cor 


ctlon 
height  and 


(8)  Changes  in  the  declination  of  the 
updates  tne  twilight  time  limits 
earth's  shadow . 


sun.  This  revision 
and  Dosition  of  the 
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(9)  Changes  in  tha  Green’wich  Hour  Angla  of  the  sun. 

This  correction  rsfinaa  the  time  designatlona  around 
the  earth. 

The  production  of  these  maps  was  begun  for  Satellite 
1958  Alpha  on  Febri^arr:?-  26,  in  anticipation  of  the  visibility 
period  which  lasted  from  about  February  27  to  March  27.  The 
maps  have  been  produced  and  distributed  regularly  throughout 
the  period,  including  a total  of  30  daily  projections  of 
visible  passages  of  1953  Alpha. 

■ I 

w 

'h 

2.  Modified:  Maps 

In  a further  effort  to  encourage  the  regular  publishing 
of  satellite  data,  we  have  cooperated  with  various  publica- 
tions in  drawing  up  modifications  of  the  standard,  individual 
maps.  The  most  successful  venture  of  this  sort  to  date  have 
been  the  modified  maps  carried  by  the  New  York  Times  from 
March  19 » when  visibility  of  all  the  satellites  was  at  its 
peak,  through  March  22,  when  visibility  from  the  U.  S.  was 
diminishing. 

These  particular  modified  maps  combined  In  one 
illustration  the  visible  paths  of  all  the  satellites,  showing 
the  time  intervals  of  visibility  for  each  passage,  but ’^omit ting 
for  simplicity  the  areas  of  visibility.  In  this  map,  Satellite 
1958  Alpha  is  represented  by  the  heavier  orbital  paths,  the 
lighter  paths  describing  Satellite  1957  Beta  one.  Those  visible 
passages  which  terminate  in  an  arrow  actually  move  out  of 
^^islblllty  beyond  the  margins  of  the  page.  The  particular 
map  included  here,  for  comparison  with  the  first,  was  sent 
to  the  Times  before  Satellite  1958  Beta  was  launched  and  so 
does  not  include  it,  although  it  was  added  by  the  paper  before 
publication. 


mor 


We  hope  to  establish  this  sort  of  regular  publication 
firmly  during  tho^next  vislbillt;y  period. 


even 


3,  Broadcast  -Releases 

Realising  that  even  if  a large  percentage  of  news- 
papers published  the  maps,  that  some  observers  would  still 
not  be  reached,  we  have  arranged  through  the  efforts  of 
the  TJ,  S.  National  Committee  for  the  International  Geo- 
physical Year  and  tha  cooperation  and  facilities  of  the 
Civil  Air  Patrol,  to  get  our  predictions  to  the  observing 
teams  and  the  puolic  through  tha  Ciyll  Air  Patrol’s 
scheduled  shortwave  broadcasts.  This  program  operates 


l! 
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hand-ln-hand  v;ith  tha  "Relative  Poaitloa  Grid"  kit 
issued  by  the  U.S .National  CoTmlttce  of  the  I.G.Y, 
zo  all  observing  teams,  vrhioh  allows  chase  observers 
v;ith  the  addition  of  our  spaclally  tailored  prediction 
massases,  to  produce  for  themselves  "maps"  giving  the 
same  sort  of  infonratlon  which  our  regular  maps  would 
othar'.'/loe  supply. 


In  addition  to  the  channels  of  communication 
supplied  by  the  Civil  Air  Patrol,  we  have  been  aided  in 
getting  these  predictions  onto  the  air  by  the  American 
Piadio  Relay  League. 


When  the  last  visibility  period  began  on  February 
27,  we  started -a endln.g  these  special  predictions  to 
the  National  Academy  of  Sciences  for  relay  to  the 
Civil  Air  Pa tiol  broadcast  stations,  and  are  now  sending 
the  predictions  directly  to  four  Civil  Air  Patrol 
Stations,  across  the  country.  These  predictions  were 
issued  regularly  for  Satellite  1953  Alpha  throughout 
the  last  visibility  period  until  March  27*  During 
the  subsequent  period  of  no  visibility,  a statement 
Is  substituted  for  the  regular  messages  to  that  effect. 


These  three  areas  of  activity,  then,  are  t.he  means 
by  v.'hlch  we  have  to  date  attempted  to  supplement  the 
mailings  of  standard  30th  Parallel  Crossings  in  order 
to  get  the  needed  information  to  observing  teams  in 
this  country  in  an  easy  to  use  form,  which  can  readily 
be  revised  and  corrected  without  time  lapse  to  provide 
the  very  latest  Information,  on  time.  We  have  had 
an  encouraging  measure  of  success  in  this  area,  and 
anticipate  further  benefits  from  these  efforts. 
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Ann ounc .anient  Card  1390 

Satellite  195 --  The  U, S„A,  National  Coinmittee  for 
tbe  International  Geophysical  Year  has  announced  that  an 
instrumented  earth  satellite  was  placed  in  orbit  on  Feb- 
ruary 1,  3^55^05^  U/T,  at  a point  approximately  25^.34  N 
and  73'^, 61  W.  It  was  launched  by  a U.S,  Array  Jupiter  C 
rocket  on  February  1,  3*^48®  U.T,  from  Cape  Canaveral, 
Florida  at  23'^. 5 N and  800.6  W, 


Including  the  empty  rocket  casing  of  the  last  stage, 
the  satellite  weighs  about  30  lbs,  is  cylindrical  in  shape 
Xsrith  a length  of  80  inches  and  a diameter  of  6 inches.  It 
contains  two  radio  transmitters;  amplitude  modulated  trans- 
mission at  108.03  me  with  power  level  of  50  milliwatts; 
phase  modulated  transmission  at  108.0  me  wich  power  level,  of 
10  milliwatts;  telemetry  of  data  by  both  transmitters. 


The  surface  of  the 
visible  with  binoculars 
fic  experiments  include 
impact,  and  temperature 


satellite  is  white  and  may  be 
under  optimum  conditions.  Sc  lent  i,- 
cosmic  ray  observations,  meteoric 
measurements . 


February  1,  1958 


Fred  L.  ^rvhipple 


Announcement  Card  1393 

Satellite  1958ot.  --  Dr.  Paul  Herget  and  Dr.  Raynor  L. 
Duncombe  of  tbe  Naval  Research  Laboratory.'  in  Washington, 

D,C,  have  obtained  the  following  preliminary  orbital  elements 
for  Satellite  1958a-  from  analysis  of  Minitrack,  obsein/ations 
extending  over  the  first  32  revolutions,  for  U.T.  on 

February  I,  1953 j 


Minimum  Haight 
Maximum  Haight 
Period 

Eccentricity 
Inclina tian 

Longitude  of  Ascending 
Nod  a 

A.rg’imanC  of  Perigee 

Mean  Anomaly  at  Epoch 
Semi -major  Axis 


219  railas 
1587  miles 
114.95  ininuces 
0.14052 
33^.58 


342^.95  (motion 

-4.26  per 

d a y 0 

120'^.  76  (motion 

v8.31  par 

day) 
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Tha  following  optical  observations  of  Satallite  1958^^ 
have  been  received  from  Moonwatch  teams: 

Date  Time  Position  Type  of 

February  U,T,  ?v.A,  Dec.  Obs. 

Alamogordo,  New  Mexico 

, (Let.  32®^52'  24”  N Long,  105 57’  02"  W) 

2 2"45^^54^  4^54™  1 5^  +33^06'  vis.  +8  mag. 

Manhattan,  Kansas 

, (Lat.  39°  09 '.75  N Long.  96°  28 '.85  W) 

3 I^V+4^16®  5^37™  -1°40*  vis.  +5  mag, 

Alamogordo,  New  Mexico 

, (T.^t.  32°  52'  24^  N Long.  105°  57'  02”  W) 

3 3^46^10**  5^23*^  +-14°54 ' vis. +8  mag. 


China  Lake,  California 

^(Lat.  35°. 657  N Long.  117°. 663  W) 

6 2"24™42SAz.  N 177°. 25  E Alt.  71^  vis. 

February  5,  1958  Fred  L.  Whipple 


Announcement  Card  1404 

Satellite  1958«.  --  Dr.  Charles  A.  Whitney  of  the 
Smithsonian  Astrophysical  Observatory  has  obtained  the 
following  orbital  elements  for  Satellite  1958<x  from  an 
analysis  of  MOONWATCH  and  Minitrack  observations  through 
March  3,  1958; 

Epoch  and  Time  at  Perigee  1953  Feb.  1*^  3*^  52™  53® 
e = .139  q = 1.0566  Q = 1.3985  (apogee  distance) 
1^33°. 19  Xl-343"*.4  cj^llO^.O 

Times  at  Perigee  Feb.  1.16132+  0.798274  N - 1.910 

+ 0.00025  sin.  .0177  (N  - 20) 

Motion  of  Perigee  and  Ascending  Node  (deg/day) 

P 

C.J  = 6.334  -rO. 00084  (T  - Fab.  1.0) 

« 

■0*  - -4.23  7 - 0.00059  (T  - Fab.  1.0) 


March  17,  1953 


Fred  L.  ^Thipple 


Sfc  NhW^i  j.KTiKH  l fnutif  \ 
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Urtlaue  !iirc3  Digests  Wax 
V'/it'n  Help  of  Bacterium 


t^MO"  Ot"  die  li4mey->;iudes'  Is 

^itudlcs  rjf  this  mmsiul  J'lmily  nf 
African  \nrih  sh(nv  diir  ilicy  di>:est 
u u'itn  che  help  ut  a L'nctermm  iuimd 
IV  fhe:r  nUcstirul  travc. 

Scii^ruists  arc  Iu3petiil  the  diseuvery  may 
*’d^T  :i  ciuc  to  ,1  new  iiltick  against  tuber* 
l<  JStS. 

Tile  ne^v  biu‘teriiuti  WH't  discovcrttl  by 
Ur^.  Herberc  ITiedmamu  curator  uf  birds 
at  the  iimithsonian  Instirutum^  and  Jerome 
Kcrti,  formerly  of  the  dcparcmenc  of  bac* 
lerioltiv^v  ar  the  Walter  KcclI  Medical  Cen- 
I r\  Army  Nfedicat  Services  Orntluafe 
S- ],moL  It  iiasi  l>ecn  found  to  have  some 
‘'d\i:ree  of  interference'*  ivtth  the  mberca- 
i us-cau%in^  bacterium* 
h'.iT  years,  scientists  have  been  searching 
for  \suys  tt>  desmiy  the  lifHiidal  or  waty 
■ *ment  fjf  die  iiisease  organism*  It  is  this 
V*  \v  content  that  very  likely  protects  the 
o»*gan*'<rn  against  fherapetitic  atuck.  Fur- 
rl-^LT  studies  are  planned  to  see  liow  the 
content  is  aifecteil  bv  the  new  bac- 

♦ vriuMi* 


^*:cmtrnl■cns  ce'roJytictts,  as  *Svax* 

*w\i(Vg”  bactenuin  Sh  called*  was  described 


!hi  the  Johns  Hopkins  University's  Society 
Hygiene  meeting  In  Baltimore,  Md* 
i J^ariticanon  tit  the  bactermm  h the  rc^uit 
<.r  more  than  three  years'  study  of  the 
lionev-guides  and  their  behavior  and 
lii-l-'^y.  Dr,  Samuel  J*  *\ji,  Walter  Reed 
Mediail  ('enter,  has  assisted  in  the  rese:mch* 

Scl*ncv  Nvwt  L*tt»r,  January  35^  I95ft 


MEOfC:N£ 

Allergies  May  Be  Factor 
]n  Childhood  Leukemia 

UtLFHHiES  in  morhers  and  children 
-V  be  in  rmpfTfMnr  factor  in  'be  cle- 
’ /L.-p'Lienr  i-r  chiidhiiMl  leukemia. 

r^'is  has  been  intiicated  ov  an  cpidenii* 
' i'  C'c^d  vtudy  ot  the  canceroii**  bh^Kl  divease 
*'  Dr,  ^liriam  D,  *MamMng,  and  Benjamin 
CTii'roll,  Uhdtfren's  C, nicer  Kevearch 
1 'u.H'aTi^ni*  ihtMon*  M*i^v , and  the  N.i- 
; tmI  C.iocer  insnnite*  rrporced  in  the 
/' vrr.j/  o/  ;/Jc-  r?a»rr;T  huriuife 

'Hh-  sc(emi’*f>  Jound  a disnihcantlv  birgrr 
:ri:iKbrr  ni  rr.fitbers  nf  children  m irh  hnfh 
iial  f’.mpii.iric  c.mcrr  h.ul  a bis* 
ii  fv  <u  :i  iv  " asthma  trr  lus*'s.  com* 

iii.cii  \vii[i  cr^Tifrnl  grmip'k  or  uadi  chu>e 
' ini:  >dier  tvpes  or  cancer.  Tbetr  children 
■ bo  b id  .1  Iii  'ber  incidence  of  tlltT^rs*  oiren 

; Pa  iring  t-c'/ema* 

\nt-rhcr  ignthctiir  a:i‘^  that  al- 

..  »'st  tv.i.f*  r’,  n»anv  moiber'  ot  Icukcnuc 

d ^jr-n  !m1  !^ern  exposed  h-i  rays  bcfrire 

-'•A  : irrh  Ilf  I heir  chtid  ciJtnpared  with 
.r  The  X*rjv  exposure  included 


,my  iiiii  all  "rhcrapemic  irr.idiadon'*  budi 
before  or  during  [iregiumcS*  uitliiput  irla 
Euai  u>  The  dtc  nr  di^age  ol  cx[»u'Ur  \ 

I he  modtdfs  .iiul  cbildivn  did  ii<u  **>  a 
hiIl-  liie  value  allergy  ‘I'ins  iingliT 


it:dii..-.Er  that  rhe  child  Tit  an 
*Mftv  fiD  udh  a gn'at*5r 
lljoo^il  Kilt  r ilv  the 


.bl'Tgic  nil  s? ref 
.1^  V .pid  I'li”  = 
V line  t aiu 


allergy*  *.i  >ettvirir:ing  agL'iiiv  duf  m iV  l.iler 
i!. image  die  [il-^ppd-b'ntdng  alnbiy  i4  b iUC 


mairnw, 

nther  r,vc.iriliers  have  alrcadv  diMAfi 
tli*n  iivj’er*.ensiliviiv  can  In*'  traTismii  ted  \k- 
tween  tiiLaher  and  unUirn  child* 

It  may  be  lhaC  the  child  receives  ,i  liyper 
sen>iri.e  >taie  from  the  iviinher  which  Turn^; 
into  leukemia  radv  upuii  later  ' xpii^urc  to 
bone  marrow  depressing  agents* 

'’We  lTdic\e  thvit  tlie  dar,i  prevented 
iusiify  and  should  stiniulatv  I'urtlicr  in- 
vehtiganon  jiloiig  this  line  of  .ipfirtiach  to 
the  problem  of  acute  leukemia  in  children," 
they  conclude* 

Science  N*w(  Jufiunry  25;^  1933 


anth^opologt 

Big  Chest/  More  Blood 
Help  Indian  on  Andes 


> AD*\FTAT10N  ih rough  heredity  and 
further  a^iaputiou  during  the  individuarH 
lifetime  vif>rk  together  to  make  the  big- 
dicsted,  srfJtky  little  Andean  Indians  able 
to  hsc  and  wi^rk  li/ird  two  miles  ur  more 
abiwe  the  level  the  sen* 

The  changes  that  these  tv  o farc-'\ 
ad,iprjciun  have  made  in  the  Indian's  KmJv 
V ere  studied  at  Hacienda  V ici>s,  high  in  the 
Permian  Andes*  by  Dr,  Marsh  ill  T*  New- 
man* physical  aiuhr'ipt^logbt  of  the  Smith- 
sont.m  [nstitmion*  WiishitigToit, 

Mast  striking  is  the  eniirmcno  sij:e  -d 
the  Vicos  Indian's  chest  *iiul  the  lungs  inside 
it*  There  is  a decided  eiihirgemcnt  of  the 
Knver  part  of  the  riii  cage  so  that  the 
Indian  can  breathe  deep  and  the  diaphragm 
is  also  =e:  hm\  An  cxpamled  inner  lining 
of  the  lung^  makes  it  possible  to  pick  up 
the  maximum  nf  (>xygeii  from  the  thin 
m iunuin  air* 


The  Andean  Intlian  .ils4i  Ii.k  more  bloinl 
:!ian  the  m,in  at  sen  level — i*n  the  aver,ige 
tv  ri  erin'a  ciiiarts*  The  red  cells  in  his  hii-id 
arc  arzrrt  providing  more  suffice  tor  rak 
up  ^xvgen.  Dr,  Nvwnvtn  re;^*rrs  m 
H:sTon’  (land* 

Witn  ^h5s  larger  quanfu''  uf  thkk."' 
the  Intiians  also  b*ivr  i t ..rger*  nv^re 
p*Av::rf’:I  hear:  :o  pump  it*  They  seem  M 
have  1 berer  blr^Hl  suppK'  in  their  extren^v 
tics*  because  even  in  the  in*en*e  cold  of  the 
TTitJunMin  tofi  ‘ et^  re  airtriic,  hn-ir  bare 
and  h mils  ire  w 

*\nulher  'd  jpMt'iJti  di  i"' 

ir  an  the  s|rj,.i^  . ^ 
intense  cold  is  *iicir  n..  builh  lid- 
rcthices  ihe  dtuance  di.:t  ! ^ d u’cist  . sr^ 
culate  lo  the  c.vcreM'iru's  md  ,iUi>  reduvn's 
th"  urr.icc  area  oi  *he  i'<„!v  v Inch  cih 

C.oisc  loss  of  !'i  ^Iv  heiiT  fw  f\.  ^1  I [inn* 

Dr.  NVwman  learrictl  the  viTeCf^  ot  higli 
ilnnide  liurniic  a srodv  of  the  \T:os  In* 
dians'  dh’^d  oressiire*  Much  of  rhe  djfi 
prcsciued  in  ilis  report  is  the  v i^rk  ■>!  tlie 

institute  ‘t  \ndean  Jin  logy*  Lima*  IVnr 


-’ect'i 


r * r t I 
< • s j.  , I 


iiit!  rhe 


MEOIC^Nf 


Blooid  and  Glass  Cr^al-e 
Pajn-?rodudnq  Chemical 


> A !•  \i\-  t*l{l  n>!  ■;  Vi  ’r.vr  ....  I ;•  . 

'i*  1 Cl  I f ' u#i  p!  j i . . d ] * I 

\v  1 1 It  gl  Cl’,  K d^  Vki  j ' >r  Jl . 'Ll  :•  'jsi'i 
Miihlu-'ivX  Hosprl.d  Midi  .d  Shuuh  1 
tl'4i,  I'ngl  ind*  iit  i Dec.  j 

'i'lie  paJH“|*roLl;:Ling  siibstancv  *ip|  ■ *ms  to 
be  tornirtl  by  the  .<^.dou  of  ,m  vu/.voit. 
the  fTisma*  hut  it  U ntfmiiy  tlcstroycti  bv 
imoihtT  type  ni  cliemical  substance  in  ihr 
jjlasfiiat  called  a jieplKlwe, 

The  fiirm.Hiun  ol  tliv  tMiii-[Jti>dnuug  sui*- 
st*incc  ts  Mmihir  to  ilie  loiuanou  td  lih..J 
clrnttng  by  gbis?i* 

Ulivndcal  imrdyds  slimvcil  that  tlie  pain- 
fuMidiEclng  MibttaiKe  tornied  in  >rveial 
sfcp!4.  When  the  plasma  is  exposed  Ut  gl.iss, 
a Mjbsuince  that  lias  been  called  '*coiitaa 
factor"  is  first  tormed,  TW\s  “contact  factor" 
then  starts  further  renaions  svhich  lead  to 
formation  tif  ihc  piiin*prnducing  suintatice. 
The  ‘Von tier  fiictor"  is  mnsr  aetis^e  alter 
two  mimites*  hut  widiiit  2lJ  to  3H  minutes 
its  activity  has  dccre:ivetl  to  negfiglble  values. 
Dr.  NSargolis  reporrs* 

The  "contact  factor"  develops  normally 
in  the  pLisma  of  persons  wirh  certain  bhita] 
ilistirdcrs,  such  ns  Ijcmopbilia  and  (MinsTmav 
illseaw*,  in  which  the  bli^od  has  lose  much 
o(  its  ability  Ui  dot. 

Apart  from  glass,  certain  other  surfaces 
arc  c,ifMble  of  aclivating  both  pain-proiluc- 
ing  substance  and  blfMxl  clotting*  The  vx*ict 
surface  conditions  that  are  involved  *irc  <*i'\ 
living  studied  bm  a due  ro  the  nKchanism 
mav  lie  in  the  ijenavior  of  drieil  silica  gd 
and  *nlumimi* 

riie.se  are  Uith  inactive  to  begin  wiih* 
but  l>ecomc  quite  actwc  after  being  Jieated 
lu  ahive  i/inn  ikgrees  centigrade. 

Sci«fic*  N^wi  Jonuorv  2i,  1938 

ANTHflOPOlOGt 

New  Dates  Add  to  Man's 
Antiquity  in  America 

^ M \*V  IS  rtuw  known  to  h*t^c  Hvesf  in 
what  is  now  \labima  dose  to 

1'his  IS  die  ^4dest  radiocar‘'on  ii*it-* 
iTialvTl.d  as%ocia:cii  x^ffh  m.in  ^ i*htL 
in  the  eastern  I’nifeJ 

'I’he  date*  7v>^u  phi^  or  minus  Ii)Ji  '.e*r  * 
;t'^o*  i*  pnblNhrd  in  AVirffre  (Dec.  27, 
be  I >r*;,  S.  Hr>«'ckvr  am!  J.  L„  Ktilp  i»r 
ihv  L,miont  t icuiovdcal  fTbsrrv,irfirv* 
bir^  '^M  Lntsersjtv.  l*a:kade'*  N.  V. 

T\w  il.ite  1%  lb?  lined  from  H^Ii.ircod 
fiiurul  1.^  feet  beh*u  gi^ound  level  in  Bo-,  ci 
daso.  blckMari  t;.  tMitv, 

Tliv  radi>x'.if!  o-T  di'vs  rrpitrtetl  tomi  1 ■ 

U.Kil*-  ^ ibstTV  $torv  ^ilggovt  di  ll  .i  O' 

■ I'jcupied  ihe  w r%!  ' '.ut  ,,\  Nortb  \n  ..ru  i 

niui.tt  IiTOger  ag"  iluirrcd  ilwarf  n.,'. 

molb  biilH'S  I.ai.id  V|  ICVT  hdow  ip  ♦ 1*3^* 

of  the  rlhivi'/m  ^ rr;  da teil  it  'vi^. 

,'go  [duv  or  nuuU'. 

"'Htis  s;iLrg<”4>."  tin-  Adeuti'i.is  a p, . di  i? 
rii  111  'H.,.uple‘  ] die  T ..u-vt  of  Nortli  \nier 
ic,i  iH'toft'  the  uia!''i‘  ivC  adv.iiice  < t|i^- 
l/*f;r  part  -4  die  Wuc  »ium  glavL!  ‘ 

St>sn<i  ianuetfA#  V?S5 
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While  none  of  the  Rve  planets  usually  visible  to  the 
naked  eye  can  be  seen  on  February  evenings,  there  are  a nurn- 
ber  of  first  magnitude  stars  visible,  Sirius  the  brightest  of  cll. 


Sy  JAMES  STOKLEY 

> KRIGllTKST  STAR  ,.|f  the  IVbm.iry 

i'\fntn;;  sky  h vSlrtus,  which  iililncs  ii^  ihc 
^ nrli  in  the  cotii-rdLuion  *il  Cants  Major* 
fliL*  fi,rcM  ilog,  Bccauve  of  this^  Sirius  is 
* U-n  L-iIlrti  ilo^  SMr.  AUu,  it  is  asso- 
viitc'-l  with  the  ssxalkil  days"  of 
■ inuuer.  About  that  hmc  of  ye;tr  the  sim 
;>ivio  rather  dost  to  Sirius.  Ancient  peo- 
p’rs  fimuglit.  mistaken Ivj  that  the  rays  of 
'iii*;  >ur  combined  with  the  heat  of  the  sun 
t^i  produce  the  sultry  weather  which,  they 
cau^ctl  dogs  to  go  mad. 

Sii  ius  shuwn  on  the  accompanying 
iiap-v*  vvhich  ^;ve  the  appearance  ot  the 
kies  It  abmn  \[}:\A)  p.m*,  ynur  own  kind  of 
a.tiidard  nme*  at  rhe  hcginnmg  of  Febru- 
.:i%\  .111  hour  cariicf  at  the  middle  of  the 
laofuh  and  alv>ut  S:0*1  p.m.  as  It  comes  to 
i end* 

\rountl  Strlus  arc  the  other  bright  stars 
: th.'  u inter  evening,  Abiwe  ami  right 
1 can  sec  the  constdhitlun  of  C>riun,  rhe 
VN  irrion  w ich  tw^o  dm  magnitude  surs: 
’I  ’trigeusc  and  Kigch  Bervveeii  the;-  are 
t'e  Three  >rars  turned  Atiuam,  Alnhak  atki 
Vlimaka,  rhar  form  the  s^arrioris  belt,  A 
-.trie  higher  is  Ikrbcrix*  in  his  shoulder, 
Siill  htgher  and  farther  right  we  come  to 
r.iurus*  the  bull.  In  this  group  stands  red 
\ldcbaraiu  another  scar  of  the  Hrst  magni- 
'lui.-t* 

Aung  I*  ihc  cha riorcer,  is  dlrealv  over- 
with  1 rill  in  nt  Capeila,  Bdow  this 
,:na:p*  tou  ar J rhe  siuuhea^r*  you  come  m 
t ‘ r ini,  the  rvfns,  in  it  are  rwn  pniminent 
Castor  and  Pollux,  which  were  the 
' nes  of  the  !win>,  favoriTe  gods  in  the 
.iiK'cnt  Roman  mytholog)'.  However,  only 
is  of  the  hrst  magnitude;  Ctstor,  a 
kfi,*  fniiuo^r*  is  uf  rhe  second.  Vnd  below- 
c :*■  in'!,  in  vhe  direction  of  the  h»g  dog, 
r conic  tij  Ordv  Minor,  the  lesser  dog,  in 
..,h  Pr>.yuii  stands, 

Sm!1  ;u>i*iher  fir^r  nugriirudc  ;tnr  appears 
f tin-  ^ 1st,  m kv-**  the  Uon,  This  U Rcnpilus, 
* *rr  .'11  d t die  [.an die  ot  rhe  "sickie*  * a 
^tar  gr<Hip.  TItc  blade  tif  the  im* 
* .’Ufve^  aniumi  the  v.rffd  *"Lco'^ 

. . ‘in  the  lo.ip. 

Plcnets  Invisible  in  februciry 


.:i-* 


pi  III.  ,i.c  ■ Ic  t*!  the  H iked  c*.e 
i v.  ruar-.  ' Mcrcurv  is  nctirlv  in 

•me  (hr -at  i'  a^  the  -.un,  and  canm^t 
in  at  iti  'll  i-rb^uarv.  Venus,  which 
- ‘ P,.ch'Iv  in  riiir  sky  mini 

’ , ,:m*  ts  nm%'  pas.ing  ta  front 

' ‘.m  " . i V sinuiar';  imiMlik.  Bv 

d ' ch:  cr,  v wiil  appear 

! t'.-  >‘>n  :ii>r  .unrise.  In 

‘ ^'s  i ’ In  be  of  ntj^raiiusle  minus 


4 A*  making  il  die  brightest  ohject  in  the 
iky*  Mence,  Wnus  will  coiuimie  to  he 
visible  even  after  the  .'^ky  his  guneit  tpiite 
brlglit,  and  other  stars  ami  pbnet.s  have 
vanished* 

Around  midnight  the  planet  jufvitef*  now 
slighdy  brighter  than  Sirius*  will  rise  in  the 
east*  in  the  constdhicion  of  Virgo,  the  vir- 
gin. This  group  is  not  shown  on  the  mapi* 
but  it  Is  next  to  and  appears  after  that 
group  has  risen  higher.  For  a few  hnurs 
before  sunrise  Mars  can  be  seen  low  in  the 
southe,ist*  in  Sagittarius,  the  archer.  This 
planet  is  considerably  fainter  than  those  al- 
ready mentioned;  it  is  ,dxHit  L5  magnitude, 
or  a little  brighter  than  the  stars  of  Orion's 
bdr 

Saturn  also  rises  in  the  early  morning 
hours*  even  ahead  of  Mars*  .ind  is  in 
Ophiuchus,  Just  east  of  red  Anrares*  which 
is  in  Scorpios,  the  ^^corpiun.  In  brightness 
Saturn  is  about  equal  to  a ty-pical  first  m.ig* 
nitude  star. 

Although  none  oi  die  five  planets  that 
are  visible  to  the  naked  eve — Mercurv, 
Verms,  Mars*  fupitcr  anil  Saturn — arc  now 
in  the  evening  sky,  two  i*f  the  olher  three 
are  there,  and  may  be  seen  with  a telesco|«: 


4-’U 

i J 5 


' itl^icirfu  I uv  A^r,  f -4  lii'v.'  U bV.inu’i* 
U'hii  h I-  f *w  UI  Lkiiii,  r,  the  . r.  1).  a glOilp 
l"lv^r:^n  l.ct'  .ual  fi  . Titii.  Ihc  ,ipj»riixi 
m ne  posiu^a;  of  t lamis  is  stiown  liy  a 
small  X*  under  the  Icru  r " A"  in  the  name 
of  die  foii’ircll.uion.  A'  piAscni  its  itugm- 
tutic  is  5,1J*  vOdi:h  tn*tkfs  it  less  than  a 
sixiieth  of  the  lifightncss  fi|  Rcgulus, 
iJig  nenrby. 

It  is  gcncniliy  consiclercd  Fuit  surs  as 
faitit  as  the  sixtli  magniuide  can  just  he 
<vcn  wuh  the  naked  eve.  uiuler  the  most 
favor.iblc  ct/ndidons  ot  a dear,  dark  sky, 
'Jlieureticallv,  tt  is  thus  fK/^dble  to  sec 
Uranus  without  a tdticope,  but  this  h very 
tlimcult,  unless  you  are  far  from  die  city’s 
glare  and  smoky  atmosplicrc, 

Uranus^  Discovery 

L'nnu*  was  discovered  iti  17^1  by  an 
English  amateur  astrimomer,  William  Hcr- 
schel.  AV*hcn  he  first  ?aw  it,  with  a tele- 
scope that  he  had  made  himself,  equipped 
with  a conave  mirror  6.5  inches  in  dbm- 
cter*  he  rcali'/.ed  that  it  diet  not  loik  like  a 
star.  A few  d.avs  later,  when  he  >aw  it 
again*  Ur jtiirs  hail  movetl  *i  little,  so  he 
concluded  th.it  he  li  ul  ioiimi  a new  c*imc( 
— ^.ind  so  announced  it.  Compuuuons 
showed  it  to  be  amilhcr  planet,  more  than 
miles  from  the  sun,  abrjiit  twice 
a.>  far  as  Sarurn.  It  revolves  around  the 
sun  in  34  years  imd  lums  on  its  axis  in  11 
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Micro,  North  Carolina 


Ivan  Sanderson  Sees  Green  Fireball i On  the  night  of  Saturday^  Fsbruaiy  3,  the 
kno'.vn  zoologist,  author,  TV  star,  and  CSX  Vice  President,  was 

driving  back  to  New  York  from  the  South,  vrLth  three  friends.  At  1005  p*m.  they 
were  heading  northeast  on  Route  301  in  southern  North  Carolina,  and  had  just 
passed  the  tiny  village  of  Micro  (about  30  miles  southeast  of  Raleigh).  Robert 
Cuncan,  in  the  back  seat,  noticed  a bright  ’’peacock- green”  luminous  object  rising 
behind  the  trees  in  the  southwest  and  catching  up  with  the  car.  A moment  later 
the  brakes  were  slammed  on  as  it  was  seen  by  Ivan  and  Richard  Florinont,  in  the 
front  seat.  Not  quite  one-third  the  size  of  a full  moon,  it  had  a blunt  front 
and  a tapering  sharp  tail,  from  which  spurted  a few  orange  sparks  that  forked  like 
those  struck  from  a flint.  It  appeared  like  a rounded,  three-dimensional  thing, 
not  a mere  glaring  light.  It  passed  over,  to  their  left,  and  within  four  seconds 
vfas  lost  to  view  behind  pine  trees  in  the  north-northeast.  No  sound  was  heard. 
Ivan  had  the  impression  that  it  was  a good  many  miles  away,  (The  appearance  and 
horizontal  course  of  this  object  seen  to  put  it  in  the  general  class  of  the  enig- 
matic ’’green  fireballs,”) 
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FIs. 

Coe  person  iiviijg  In  the  Wright  Vltw  irtt  caSed  the  Da*Jf  Ssnld 
after  noting  the  red  iky  ta  fcoow  If  Falrbora  hsd  s big  firt. 

Tbs  imasusliy  latease  dispiiy  had  mirJtad  rffett  oi\  radio  trsai- 
iibsioc  Sfid  tsietTpa  «irta,  E^idio  hssas  in  the  Minrc^polis  nrea  re*: 
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5 March  1953 


Dear  Mr* 


This  Is  to  acknovlsd^e  yoxir  letter  of 
15  February  concerning  on  unidentified  flying 
object  in  liaples,  Italy. 


The  U.  S*  Air  Force  has  received  no  report 
on  this  sighting  or  Incident. 


The  united  Press  carried  a nsvs  item  on  or 
about  12  February  1958  stating  a military  type 
rocket  Inadvearteatly  placed  in  an  InclnsratOT 
had  caused  a isj'sterloua  e^loslon  in  I^ples^ 
and  it  caused  much,  excitejnent  until  military 
authorities  saplaiaed  tl:e  laiahsy. 


Sincerely, 


lAVnoSICS  J«  TACK^ 

Major,  USA? 

Executive  Officer 

Public  Information  Division 

Office  of  Inforaatioa  Services 
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uMEIDA,  at  3.05  A.M.  SOMEWHERE  3E7V/EEN  THE  TWO  VILLAGES. 

'OUGHING__AND  i*USSINC  AND  THEN  A3RUPTLY  THE  MOTOR  STOPPED  D 
'T TEMPTED  TO  LOCATE  THE  TROUBLE.  BUT  TO  NO  AVAIL*  THE  NEX 
-DME  DISTANCE  AWAY.  AND  THEY  DEC  I OED  TO  SLEEP  AT  THE  EDGE  OF  THE  ROAD  AND  IN 
T-iE  morning*  do  something  ABOUT  THE  CAR* 

IT  WAS  THEN  THAT  THEY  SPOTTED  A HUGE  LUMINOUS  OBJECT  HOVERING  OVERHEAD. 
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-CCCRDING  TO  DR.  REPORT,  *IT  GLOWED  WITH  A STRANGE  LIGHT  WHICH  1 

. lEMED  fluid.  BET^EEN^TCVer  AnD  BLUE.  AT  FLRST  IT  WAS  ONLY  A LIGHT.  BUT  AS  1 
. T APPROACHED  WE  WERE  ABLE  TO  DETECT  WHAT  APPEARED  TO  BE  A SOLID  BODY  BEHIND*'  1 

“HE  GLOW. _ THE OBJECT  SEAMED  TO  BE  TWO  HEMISPHERES  ON  TOP  OF  EACH  OTHER  _ I 

THEM  A LUMINOUS  DISK  OR  RING  SPINNING  AT  HIGH  SPEED#  IT  WAS  THE 
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.ILENTLY  TOWARD  THE  CAR  UNTIL  IT 
ILSERVERS  and  A_8pUJ__NJ  NETY_  FEET  ABOVE  THE  GROUND.  THEN  IT  DESCENDED  IN  A 
-UPIOUS  MANNER  AS  THOUGH  IT  WERE  A FALLING  LEAF.  IT  STEADIED  ITSELF  AT  ABOUT 
■ I NE  OR  twelve  feet  A3_0yE:_  GROUND » AND  THE  THREE  MEN  WzRE  A3lE  TO  DISCERN  ITS 
lONjOURS  very  clearly*  the  bottom  was  smaller  than  THE  TOP  HEMISPHERE  AND  if 
-.S  slightly  FLATTENED  UNDERNEATH.  ITS  LUMINOSITY  SPREAD  IN 
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-.iGHT  SUSPENDED  BETWEEN  THE  UFO  AND  THE  GROUND  BELOW. 

THE  .FRi  GHTENED_.,pRJ.VER.._MEND£S . GOT  BACK  INTO  THE  CAR  , TH  

■DwEVER.  decided  -to  INVESTIGATE,  AND  WALKED  TOWARD  THE  STRANGE  OBJECT.  AS  2 
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UFO  Sighting,  27  Fe'Draary  1953 


Hq  USA?  (SAFOICC) 
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B^ference  the  attached  letter  from  report Ixxg 

his  obsear/atlon  vhlch  occrorred  on  27  Fetruar;>^  195^*  The  following 
is  a suggested  reply. 


I ■ j t. 


Dear  Mr 


; '7  There  have  been  many  accusations  made  against  the  Air 
Force  concerning  our  alleged  official  stand  that  "there  Just  ain't 
no  such  thing.”  We  have  never  made  such  a statement.  Our  official 
stand  Is  that  there  hs.s  been  no  evidence  submitted  to  or  discovered 
by  the  Air  Force  that  sittings  categorized  as  unidentified  are 
esctraterre  E trial  vehicles . 


■ F..  , ' ' 


If  you  had  reported  your  observation  to  the  Air  Force,  our 
analysts  and  evaluators  vouLd  have  attempted  to  fieteiiaine  vhat  you 
had  observed.  If  ve  had  been  unable  to  find  a logical  answer,  then 
your  case  \>’oi;ld  have  been  categorized  ns  unidentified.  The  Air 
Fores  vould  not  have  made  yoiir  name  available  to  the  press  'without 
your  permission. 


It  vould  be  extremely  difficult  at  this  late  dste  to  perform 
a conrprehensive  investigation  on  your  observation.  It  \ri.ll  be  filed 
with  our  1953  cases  for  information  pixrposes,  however,  it  will  not 
be  considered  a case.  There  were  no  UFO  reports  submitted  to  the 
Air  Force  for  27  February  1953  • 

FOR  THE  COMZIJ^ER  ..  J- 
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LOUIS  rs  GOES,  Colonel,  USAF 
Deputy  for  Technology  and  Subeys terns 
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Nb  Caae  ( laforaatioQ  Only) 


23  February  1953 
Miami,  Florida 


^oace  Ardmala!  Nev/  evidence  for  the  aninal  theory:  falls  of  rapidly-evaporating 
"sky  jelly"  (compare  evaporation  of  angel  hair)  in  Miami,  Florida,  February  28 
1959  (policeman  as  TTitness)  and  Australia  in  1950 • 
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present  time,  however.,  tnree  1 
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nz  In  the  International  ueophy 
necessity  included  informatior 
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